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PREFACE TO SECOND EDITION.

Nearly atl ol the veterial of the st cdiibon s Leen
cneittedd i the proesent rdiiion.

Five menies wteg et e They ave Jaromplefe aned il he
sitpiseareiteed okl e efion de gming o

Tireon motes el ol consdibete o fort fad o steident sorap hanl
b= weitten an Foglish e ensure the studenl s knowhedge of
snaferniet lerndoolegs i that bmosge. SBome Chinese
teraies are mlisl Blank pages are included Tor writing of
aadditional pades and For e dmwigs of bones, orozs seetions
smand the punit’s own dizseetions.

it thi= endlee amatoney i= Gzl durieg tle Bret year of
(e musdicot eour<e proner. The stwlent has ne previons
knowledze of aoatowsieal strociurs or fancetion,

Thestwdy of anatemy without a concomiiand enlighoon-
wment in phy=indoze B oa mistake; i alzo wmlds o consideralile
tneessary burden on the 2hwdent ™ nwenoey ;) s anenrreindod
al uneanrdinaded il ddetracts frome Gis interest o uses

Vidtes< Pl notes wi'l adme to give vers beiedly soiue

indermaiion cther Dl puave stedgetuee ond wnrphaloge. The
congpnlet bas very eleely folowed that execllont stady of
The Prineipies of Anafomy ne seen o the [Mand,”” Ty
Froderie Wood Jones. The ios alan Dreedy wsed " s5iogale

Lessnn= v Tlwnsme Analooy ™

Ilarvey, tather tlan
estroy the enteeet ive s ol eithee =tery of theee Danks 1 leers
= =oeme luel of regulerity i the sueeession of tese b,
The interpnlintion of e Clines tenins T Been doane T e,
Lol Fay.

Clhienern, 19 VWOl M,
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PREFACE TO FIRST EDITION.

This colleetion of notes is ehiosen Froon authoriites will:
the idea of supplewenting the anniomy in Chire=e gl o
point out a few special anatomieal, anthropologieal, and
comparalive analomny feptures, and 33 intended for local
cireylation only,

The following are the auchoritios fron whieh {hiz ruaterial
was eollecteds Gy, Cunningbany, Mervis, Tubby, Ellis,
Enevelopedin Britanniea Tropinavd’s Anthropology, Trier's
Antliropology, lixon, Peterson, Santee, Deaver, Campbe]l,
Davis.  INany areomitted, the name of the anthor s appended
1o tlie section where it appears,

e, K. C0 Wilford has typed all the neles, interpolaled
Chinege terms, eorrected part of proof, and mreatly assisted
br advice and counsel and to Lim T owe mang thanls,

The compiler trusts that these notes will be of assktatee
to the Union University stiudents.

WoRLML



Comfueine- said: ' do not expound mr terching to
any wiho are not anxious to explain himself: 38 after being
shown one corner of o subpect, woman eannot go on to discover
{lw other three, 1 do nat repeat the Leazon.'”

“Phe Nigber (vpe of man makes 2 sense of daty the
erottidlwerk of hiz eharacter; blends with ot in action o sonse
of harwrmious proportioe: neanifets it o =ense of anself-
ighnes=, and perfeetz U by the addition of sineerity and
tratl. Tl indecd i he @ noble eharmeter,” Confueins,

...... the Fatlure to eultivate virtue, the failure to
examine awd analyze what | have learmt, the inalility o
eorrect Wy Taults, theseare thecansesof my gricf.”? Confucius,

Aopolden bed does not eure the sick, nor fine nanners
nutke o geod nep = Chinese proverh.

URearch thine own heart; shat painetl thee
v others, v thyself mny be

AB dusl s Frand, all Nesh s weak —

Bre thoew ibe frae non thou dost zeel

Wt
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FOREWORD—ADVICE TO STUDENTS.

The carnest allention of the sindent is deawn fo poage 0
oin which are gueded the three savings of Confurbus written
over HHI) years apo and which could and de serve as o omoded
or ideal for the most 1modern eeseareh teaenioe,

It g the very gazence of edueatinn ol srudenta i el)-
relignce and indepeoilent stady wneder conteelled goidionee.
Threse savings take for granted o stwdent i= in earnest . Thal
e Is ned ondy ol alraid o owork bual dthes 1o do it P falidl
this addviee, saevifier of tie oved hoedile effory ave of s
uportanee while toental eifert is geeal. These savinges do
ot el that al <toeleat are of copaad soencal eolibice - 1ley
do not say every stodent noust beoof the Bighest ealibee Dt
thew dnosav withoeut cgoivocatione that every slacdend st
ase all he aldiny D or =l pessesses it learning all he oy
shae v oo thedr obrn sudiotdre,

The vesecher gives syvipatbedio gudedanee, It ix o con-
tralled, conedingled, svropathetie relationship, We are il
atvekents {ogreiber,

Confucius deew an deal of Ul aprizht o, Yo shboalil
attein te hisz maldel. Netall witl sieceed ot all st 1y fe
do sog Conlieeta=" alviee 15 as pood todorv as 30 wos i1
aneivid tiones,

The profession of medicine iz o =aered vortion, Xot
all shoudd attemipt 1o heeoiee olevsicians, (hnly tlose whose
character, weals, phiy<ical bixly and memal alilite are elens
atcl pure shoatd vetnnin e ediciae.

Thesa notes and all teebioieal stindios aee pineed to ge~sisl
the st lend 1o Iiis Bfe"s work, 4 whnbly rouncded aand elFeel jve
practitioner st weigh Tetors Desides pourcly feehndea ole-
taenda, o sindend duys of the practitioner begin o eolleae
and contie as loug as life witly mental vigor shall lust.



ANATOMY

LI ]

wefepr b= tlae nanne given Lo thae sdis ision ol wataead
seivnees whichr deals wille e =leoetare or orgosizaiion
af living beings Hreorca aeafoony applics 4o e =teies
tuee of toan learing 1o mgned tle Beed bl o 32 dis0ng-
wizleed s a0 separaie pends  wnaong peitmilive eials -
anooeder ol vertehrates,

dlan = o verlebraoe, gl possesze=z o intereal skeloton
with o podisan dmgivdinal wxis whiech s ddivided
Pransyer=ele T wecnpends callal wertebeae, Tloe verle-
heal eoduwn, G the bhalitaal creet peeitione of the haoan
by, = supportead by opelvie labe, sl s surcsnnaitesd
v the skall,  These Thobs aree for (he purpese ol pra-
pro=stor, while the peelored Linbe are aedopted ws orean-
i peehenston, A disthnetion cooutoen 0 nearly bl
pimnes s o oppestbbe st dbigie o aned e,

The qaocezes=ions of mille elonds, cadinendarey o the
prale Dot well develooed el Dapeddand i the fepnnie,
erelegEtes 1l haenonn o e elass af  toonooet=.

Prewcviprive Lerma rebicarive of  poszliny sool i
tleon wsrey jn o spite of =teoelyes! Boteolomnes 0 vepeteleales
geperal, Tl pee wide dbiferenees pegardinge voturad
atliviwde or  poetion Laehitusily  ws=nmwel, =00 that ofaen
T feenrT i ereel e 32 bl T e quaelenpeesd . 1 is
vemeni i Thal the e wand i de=tating <l
part= shall oo detinoed s that eaele e shali b Tas
e =i lleatene s Aaae sonee Lerio= o usel o Gre na
applivable to lower soinaal= sl 1o,

oo alozeriplive parpeses e bssor Teody 30 =une
Eed 1o beodn b erect position, the arios hoanging by
the shles, and the palins of Ahe hands diverded forgards,

T dwaly oas w0 whole, ax with st veriebrafes,

canei=ts oof twoo menerad alivisioos el oaxiall awd SL e ap.



pendienlar,  The foreer i the Lody proper Ssemal and
the luteer e limbs Gmensbran, The widdle plane of the
Body = cailsd TinesonT, while Ttanesal” and Ciiesad®
(ward)  orve  wlieetive ool adverlbinl  jufleetions.  The
mesad plane s alse the doesoventral plane which aleo
pazaes apprositondely theoge she sagioial o =ature of e
skull wnd Jwoee oy plane pacalicl o dhis i< oa saeiod
planr, A vertival plape ot righi angies to the mesal pline
paszex renghie through the eontee of tlue eovorad s, =ueh
a plane 3= callod a corouad or frontal place, & plane o
right  angtes to bollv waezad aned earonal plane- 1= ealled
fredvizeresy e,

The tevies Sunterior') Tpesterioe”, superior, and
Saderioe” Tuwe Beon nsed bt the growing usze of dala Moo
catnsrative anatomy amld emlevologs to eloeidane b
anabonny nakes the other terens better to indieane relative
position i both nen and animialss Thins veaterd, dorsal,
cepfordie, vandad Uogelher with adverbial derivative Sad )
are preeferad i,

“Lateral” and Ctaterad T ars gonneral fecon= for gides of
haudar,

Thextral” and Ceinistral t mean vight s it T gt
tively.

U teenteadt sl T peripheral T fperiplioraan b oare
i grenerad waey especinlly fooe Blaod veseels i teeves.

Ll means inwa |.':1.-=, amd Vel nnens oo,
Cprnxinial ™ refers ta ihe attacled cned ol Ve, el adivial s
tribie Eree v, Ladees ae =ides of the L see destpngned :
whzir ar vadial - uneonal or theaae, 1ibial or Siader, patellar
rr popliteal, S foees wre cailiad Qexar or oxienzar,

Vsuperfielal™ and Cdeep' are contined 1o deseriptione
of relative depth frone surface of varions atraeiure,

Mlxternal” add Cioternal”? are taed incdeseribing the

wail= of covities ar of hallow vizeers,



Eladeelony {s the dezeription of the bones.

Synelecnredagy s the Y joings wind lsanents.

Moy o e miscles  aral Fgeiae,

g oy Y Bt smel Bioewl yes-
el arl Iy npeh vesse] -

Neweadogny 5 s U e Avatein ol or-
s ol 2peeial sense,

[ 3 [ L'

syiberaelesinaleigy visrel, SO T
e o nf respavation, plionaiion,
sligestion,  reproduction,  exetetion,

vl idernal gecrelion,

"THE HAND AND THE BRAIN.""

Bren T Nerenne Mo

The ioinade relatione of ne=etes sed nerives emessilafes
ary varly deseripdivn of =ome of the wnatany of $he Deaine 5%
ainl it= continuation iofo 1he hody, The nervous svsien
e = f which the brain is the main feaiure toget o
with the =pinal cord FFRE and tly nerves leacing Teao both,
e the dife ol iBe cpnzedess Tlerosele the nervons svsiein e
tseles JBLEE e mad Beve o withiout g they i, The
B el godne] eosd eoidnin thoe nerve eolls whiel ame ol
ile of the nauaecl=,

Sogwe gl Ehe data asonn Lo Tee riven vou, to those who
bistve: pvod adizscnted Viee Deain, o i bee tore or Less abenme ad
iUwni] veees=iiate vour ko far graontod i is corecer, il
vott buve liasecte D o Dvadn for yosesell 2ol 1Tl proven

Ay NXT Uk Princiales of Seatomy sa 2o Do Vi ad®

1
IR Lo



the truth of the statenents bere written. It means thercfore,
for a short time, a feat in romembering the aoaton:y of the
nervous sysheni.

T Four the present let os take us an example ithe dissection
of the hatd, that excecdingly nteecssary organ of our body,
and see how the muscles, joints @3, tendons JRBE, bones
o, ete. are connected with the for off organ, the beain.  This
disseetion will show the inlitnate relation of analomny anid
physiology ZIMP, and the =ave elose econnection with
pathalogy and in o practical manner, the inteerelationship of
surgieal and roedieal praetiees and o work in the disseoiing
roo,

There are no distinetive specinlizafion-,  anaiomieal
periections or wonderfu! Liouan adapiation thal distinguish
out haoian hands feora that of 2 monley or anthicopaid ape.
In faet, it geenm oy if the plan of our lnouan hamwds s nore
privitive than (heiee,  Owe luds are mnoee primilive el
nnspeciali=ed than the paws of the eat anl dog,

Any novement of our handa is practically eguatls as
poestble in old world gnonkeys, ie. thoso monkeys possesy
handa sthich are cgually eapable of movement as our hitoean
heaneds, bt parposive actions, habitual 1o sman, are moere than
those of raenkey.,  The dilerrnees In the hands are oot the
inovements possilile in mugeles, joints and bores batb in the
pittposive  volitional miovements, A rmoan does moch o
wonkey does not do, though the latter has w brain gnite like
woman’s vl he does not possess the power of mind wherehy
man choraes to perfornn or not to perform eorlain actions.
The power of ehojee, the willto do or not 1o do, Jistingiishes
wan from animals,

It iz a wonderful instanes of the retention of 2 magnificent
primilive struceture in higher animals, and compared with
the paws of a dog amd eut or the Torc-foot of o bor=e, thowe
animals bave advanced, from o primitive condifion which we



refain,  Asacortieally eontrolled sirueture the human hand
affords striking evidence of man’s superiority over zll the
other mammalin. I 35 not the hand that is perfeet bul the
nervoens mechanism by which movements of the hand are
evaked, co-ordinated and eantralied.  In the development
of the cerebral eortex 4R man shows & wonderful superior
development over other animals -but not in muoseles, bones
el joinks.

Voluntary purposive inovements arve initiated in man in
a definite region of the eortex of the brain known as the
Rolinelic aren fpreesntral or motor area) EENS . The grey
maller of this region consists of many nerve cells buoried
amnngst which are socalled motion edlls (giant cells of Betz
or ganglionic eclls of Bevan Lewish, These cells are the
Invgest found in the cortex and in general shape sre pyramidal
or pyriform fin faet (he eclis are very frequently eslled
pyramidal eellst. FEach cell gives rise to scveral lateral
processes as well ag an apical dendron BHR ZE wlhich procecds
to the surface layers of the corfex of the brain, and a great
axis evlinder (newraxon) Whgg¥h, which runs straight from
the cortex towards the centre of the braiv and thenee to the
spinal eord.  These cells are distineiive of that part of brain
which when stinmmlated peodases movenent of different parts
of the body and when destroved by disease or injury, leads
ta ahieence of moverent or paralysis JEEE

In man thiz portion of the brain is o large field which
oeeupies the cortex of the whole pre-central gyris fEE on
the lateral half of the brain, extending downwards to the ecortox
of the island of Riel BEB and upwards, over the superior
margin of the hemisphere, KFESFEK (o the paraceitral lobule
o the medinl surface.  Compared with the brain of any
other animal, man shows a very high development of this
wnotgr aren, and of all thase nearly adjacent hoelds of the



corfex wlueh are ealled szsneialion syen=. Fonetion of 1=
field i studied by e Belavionr of aniowils whe have sadoeed
dantage to smue partion of their central norvons <veion .

' Many non-mamnealian verlebrate: TEH B e initiate
coorditunted tunseular movenwnt of the Hotha, & breainlie-s
bivd can M1y awd run fooa ensedivated nser Leewee s
power of initiatolg moscular movemonts 1s i its splinal eond.
Evew a mananal, eor a eabbit, vy have ve wntor arca of
the brain vewmoved aod vet sontine all it moveniids s if
nortnal. I ihe cablait drs powor of nitintlng wovement iz
not in the eartex bad in the basal ganglin $E (e corpns
atriatuin} ﬂjrﬂdjﬂ Fo vy Tower sobials v matar el s
are fourid i the eartex of che Brain, i the e aned o
gaite similar eofl aree fonnd. fooche Sindadae tantliropoid
apral i found a delinide Roluudie area,

Mun has lost the use of Bis lower eentres as o soimoe [op
mitiation of the ereater pael of ok oaovement, This eontrol
Tz e n drainlated to the Bolovdbe apoa, Leo dooooan thene s
Feerepresetitation fer naverent. By Lhis {2 meant tat the
initiation of the wnaveaent fakes plaee 1o tha lower codres
teorpus =teiwlum? and mov bee langar of oo oretlexs atuee bt
b perfornetee eniers eoneisenes< sl will, therofore, s
retadtes] inoanenory, ol will Becone s dated witly opler
naeraerie s feonn otleer sourees ol Dnpresdan widel lave remened
tle worbes clwrigg s perfarmn e,

Bi-veprosentanione o0 foe eories wdd< e po<agtn ity of
eleantizes Trony paenmeory, oxperivinee el sps2aciztion wleien
iy b terie e the enpacity Tor edwestion. The anital i
eobaeions tin Al eoriex ) af nosvemend, e ceoteber whit
thew Dave dons aand that the exporicnee mined may lead to
pPesfection ol these woyennend<, To lower winioals noosl o
the nwvveend is zanbowtieal Clower cetters are of o rellex

natsee, vancd onda cerlain pects are eorlically e prescniod | Tuenee



HIZE 1':l[|'.1lil|l' 1k En-in_:g verieeliad . U1 e seEs e tust s T ]it e
viiele T neane sl vobundiry qneverend B oindtieted o e
eortex, nad Ve eorpus eteivtien isonsl o oaeloy noelees, Ty
voltitiary teaianenl 32 v dnsan! Snlividnal pigsels repres-
cntatior nend Dielivisload musehe uwenoent. Doy o e riie il s
apHet e U rom e s e e whie's nreee 13 e el by
cirele T

Tl e donr svea= of 11 Lradn are asanigded bt oase nol
di=tine: areos and that area for the huaned is [aree aned oz a
pectline pordienlar shoalian saerounehe] Lo 1 le=e arens of the
prunk azod Gee, with thoan of $he Tans o tirgle wore Jfstant .

Alow ik et gainzg Dopression by sy b tests
thee world by it e, Tihe pifactaes B8 acnze gullos and
gl 2 e enset e e uind the Toeneh senaas o of e spond
region Ul Al tongzeed ane mlded we inirnseion centres,
s gzt il ead represetiation. Tl e eves yealaers Lhe
nosedn igher andon= avd il Tosn] Geeeties the gead becting
meerniber of e bl Tl tesr i sworhD wivhy hode eves
arad D, oo Lorpe viseb aves @APF 20 e cortes sl o Livge
avent For s stiony wsd weveeent of dhe Laneds ave sy pieal af
shely adtoai T e Toonsan bisdos €0 Boge Tl siees 32
welioe b o ot wlhiere oo enms ol thie Booe e Festrieesc 1t ]
It i= the- Thaod wihich v st Lle s fninoeebe boveevs Fesdane of LEe
ve=1 of 311 Doy aned the vest o7 U sl 3t e ] b o Dt
saechani=ne Ior nitinling priotirred ppavererls 1o boeainn
cetitely cortioad vnd b Tinwetions nr che corpss steiatin as
aoanetos uclers B owos lost tooen,

boteonn tens the maeevend o thes cort il vongoes dea e
i il lvsis Tt 1hEs Tidey oo 35 9o et ege 0 Levoveme,
The recvvers of the Lol b= o=t delayed in oo 00 1he
tebor drest 15 desieaved o daniagod B Diseass, beaninloaoia
ATE - prctueed, B sy Lefile s Lt Liee Sl T
aopestoepton of porce ol S T i sonoe wimn deiegsod b nod

-
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destroved by the lesion. The damage to the hand 1s greater
than that to the foot.

Bince movements the of Hinbs are initiated in the cortex
they are never reflex in the same manner ag reflexes are carried
out in lower cevebral centres of Lhe cond, ¢z, walking, playing
piano, knilting, etc ave repetifive movements seemingly reflex
but they never becomie so.  The human bods has to *team?™
so much that is nateral to lower aniimals, e, bis eortex has
to be educated. The lower animal simply exercises an
arranged vellex.  One has to learn to swim but once edacated
one will be able (o swim ever afterwards,

There are ecrtain movemwents which have no pictare
pettern in Lhe brain and the initiation of these s still lodged
in the lower centres of the brain stemn or spinal cord, we have
no picture nor action pattern of the movements of our viscera.
Our hearts and intestines move in 4 way unfamiliat to s and
these so called Involuntary movemenia ave subserved by in-
voluntary muscles and are not represented in nor initiated by,
the eerebral cortex.

There are olher actions in which Involuntary museles
take a part which are not pictared or represented in the cortex
of the cerebrum X &K and are bence in lower centres, e.p.
sneezing 15 earricd out lavgely by the volortary musclea but
initiation ia lodged in the brain stem not the cortex.  Cough-
ing, yawning and atrvetehing when earried out as refiex nets
ara due to the fullness of the dependant veins and the veinons
condition of the blood.

MOTOR PATHWAYS

Motor fibree, roule of; (1) covona Radiala We#EEE, (2)
internal capsule FEREE, (3) peduncle of the cerebrum -k
REED. (4} pons varelii #85%, in which ihey nie broken indo a
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nimnber of amaller bundles by the filires of the mniddle pedunele
of the eerchollum (hrachium pontis SIS R . 1n this region,
also, rome of the fibres eross the mid-line to end in the nwotor
nuelel of fhe cranial nerves PRI (third, fourth, fifth, sixth,
and seventh), (5) antervior prramids, BTEEY: (G) prramidal
decussation, HEFVZE L ; (F) anterior aud lateral pyramida
Fasciondi SERYE of thecord,  After ending in the motor nucief
of the eranial or spinal nerves the path is continued by a
recond nearon, PEEEAL, and injury o either will couse
paralysis of the corresponding muscle. The first nevuron is
called the wpper molor neuron ; the second neuron is called the
fower molor wewron.  When the firat newrown i affected e.p. in
hemiplagia there e pavalysis in regurd te voluntary control, but
the spinal (second) nearon being inteet, the muzelsa are still
subject 10 reflex stimulation through the cord, especially the
sg-called tonie impulses. Often the wmuseles are then and
therchy thrown into a state of eontinueus contraction, i.e.
apastic rigidity.  fn lesions of Hhe second nearon, Le. fesions in
the anderive vool cellz wn the cord, there s cuvsed complete paralysiz
of the corvespomding museles, there fs neither voluntary or reflex
eowdrod, the ninscles are relaxed and show more or less atrophy.
3

The Motor Pathways: ~-The Betz cells ave five lateral
processes, and a stoater apieal dendron wldel: brings the eells
into relation with other eortieal elements, there is thus a link up
of that cell complex which eonstiiutes un action pattern. There
is also one great axis eylinder or neuraxon, a prolongation of
the cell body, which passes into the ceutre of the brain an the
first stage toward {he spinal cord.  This jouner ends when
the nearaxon comes in eonnection with the apinal motor eell
or cells upon whieh it sxereizes itz influenee.  The brouder
outlines of the main {ract will be indicated to get a rough
picture of the eortical eontrol of e.g. the hand asz a motor
agend of will,
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The axia cylinder of the Betz cells strenin from e.g. the
hand centres of the cortex into the white mass composing the
bulk of the brain subslance, ealled the centrum ovale. In
this mass ate not only fibres such ns these which pass from
the brain to distant ecentres and ave therefore called projection
fibres, but also there iz & large bulk of the white substance
composed of ehort (ibrea ranning beiween weighbouring
gtations within the brain itself and are kuown as assueiwtion
fitres IR EIRHE and commissrad fhees JREEREE. The large
projection fibres gather themszelves togetlier in a thick band,
elongated in the long axis of the brain and {lattened from
side to side in order to squeeze through the narrow interval
between the grey masses lying at the base of the brain.  The
axia eylinders of the prramidal cells in the motor eortex are
arranged in Hnoearserics, the long axia of which i3 vertical. In
thia series those axis eylinders deslined for the Foot are highest
in position and those for movementa of the face are lowest.
Ap this bundle streams past the basal nuelel the strands are
twigted and the lowest fibres take the front plaee in the haud
which is emerging from the hrain stent,

It ig this fanlike readjustinent of the down-sireaming
fibres which gives rize to Lhal appearance of the white matter
of the eentrum ovale called the corona radiata §r &xE.  That
portion of the troct between the basal noelel iz ealled the
internal eapanle and it is eompressad betwesn the lenticolar
nucleus BAKEE on the outer side and the caudate nucleus
B and thalamus BLEE on the medial side.  [n the recess
between the candate nucleus and the thalanius the internal
capsule iz kinked inwards towards the eavity of Lhe third
ventricle, this kink is called the genu and the hand fibres run
down just behind 1he genu.

Below the ganglia the motor pathway emerges from the
cerehrum forming a part of those ropelike structures known



a3 the cerebral peduncics and eonstitute 1he middle portion
of the hand fibres whiceh elothes 1the surface of the peduncles
and iz known az the erusta,  Xext ihe tracts from cither side
of the brain come close {ogether as the two pedoneles are
Lound into 4 common steiy by the transverse fibres of the
pons {pons Varolii). IS In the pons the length wise
running motor fibres are zeparated by bondies ronning
crogsways, At the lower border of the pons the two motor
tracts cmerge as the pyramids, lhey are separated by the
anterior fssure of the mednlln. ¥ I this fissure be dpencd
by puiling the two strands apart, about an inch below the
lower border of the pons, it will be seen that nerve fibves are
crossing from one side to the other. They are the axis
evlinders of the molar eells ol the cortex contained in the
prramids,  This s called the desissation of the pyraminz, $§
WL and axons of the corlical motor tract fram the right
side af the hrad liave pazsed over to the left side of the
cord and viee versn,  Thus in the cord the axis exlinders of
the Betz eells of the right pre-eentral cortex ave found on the
left side and are inelinded in the so-ralled crossed pyreamidal
fract.

The avis eviinders of the nerves which control (he actions
of the hand run in this tiaect to the level of the arigin of
those nerve roots from whicl arve divided the motor nerves of
the museles geting oo the hand, 1e. from the fourth lower
cervieal to the fivst dorsal nerves. In the anterior horn of
the spinal eord are nerve eells frovn which axis eylinders go
to the museles.  Avound these apinal cells the axis eylinder
of the Betz eeflz come 1o an end by paszing from the preamidal
tract to the anterior horn and hreak up into fine Hiamenis,
these filaments wix up with fliments of the cells of (he
anterior born.  The wisture of eell filamentz is ealled a

synapgic fFEHENR.
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Thag we hove an arvis cylinder of o nerve runaning unbreken
all the way from the cortical motor area tn the brain and along
the eord to end in an arborization { syarpsis ) in the anlerior horn
of the cord (the grey wmaiter of the cord}. Thia portion of the
rotor patliwar i3 known as the apper motor nearon.  The
axis cylinder of the cell of the ¢ortieal area for the foot arize
farther away in the brain from those of the hand but extend
much farther down the cord.

It ia this great difference in the necessary length of the
upper motor nenrons that accounts for the difforence in #ize
of the pyramudal cells.  In the corlex the bigger the cella the
longer the axis exlinder.  The most iinportant feature of the
upper maotor neuron ia that it is a erossed pathway, most of
the neurons change from side to side at the deeuseation of
the pyramide; some of them do net erosa there bot are
continued as a mnaller tract in the spinal cord called the
direct pyramtidal tract, but all of the “‘direet’’ tract nenr-
axons have pussed aver at different levels via the anterior
commissure of the cord.

Thus the crossing has been eompleted. The right
Iiolandie area of the cortex presides over the left haned and
left Rolandie area over the right hand. Righthandedness is
due probably to o larger left-sided brain, for the outline of
the skuoll and other matlers tend to point ont that there iz an
asymmetry of hrain toward a larger left half.

- The number of nouraxens in the pyramnidal tract is not
8o great as the number of motor colls in the anterior homn,
although they eorrespornd with the number of Betz eells in
the cortex, Therefore more than ene cell in the antevior
horn comes in eontaet with and 8 influeneed by the endings
of sach cortical cell. More influcnee in initiating ordinary
violuntary movement 1s carvied on by the upper motor neuron
than is carried from the cortex by the pyramidal tracts.
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Considered ag an entity the uppermelor neavol conzids of
several “privake paths' ELFR.

(1Y The wotor teaet already deseribed wod (he mast
important becanse through it volition iz eareied to
lower mutor peurob and then (o juoving part.

(27 A pathway frong the eerebelltm Lo the anterior horn
cells - the eovebellossptaal teact ~this influenees co-
ardinalion of the actinn of volition.

{3) The corpus stvintony BOR SR has o pathway 1o the
anterior cells, and nfluences voluntary moveineni—
lenticuls-rubro-spinal fract— and daneage o it caoses
o tremer in carrying oul volantary movement.

(4} Deter's nuelews sends another inflluence from its
gite i the medatla inoassociatton with centres of the
vestibular BIEE uerve, th's 1a the vestithulospinal
lraet, It hus to do will balaocing, in 118 absenee
stapgering necurs,

For the proper perfonmance of yoluutary wevoineni of

nmuscles all foor of these Iniluenees miust be neceszary.

Fhe lorer motor newran stocls s o wedior eell dn the grey
wedter of the anterioe horn of e spinal cord, omd termd neates o o
aeator end orgin iro vedendory ameele. It i w motor nerye
eoell with o oeuraxen. 1t cuierges Frono the anters loteral
proove of the cord as one of the anterior or mator neeyve
racdiales, 1t joins with etlior< into o buodle of nearaxons
whicl conatititte the anterior or otor tood of the spinal nerve
avising Trmn that segment of the conl.

The anterior voot runs oobwand feon the spinal covd
wind verlebral eoluion ancd beeoows entwinted with the s
of the posterior or sensory raol and fories an elentent tw the
mixed (otor aud sensory) spioal nerve to the arm oand
bt

Frenn the Jnetion with posterior vomt the eourse of the
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lower nuwoter ncurvon ig complioated,  The lower molor nedconk
of any ong segrend uf the cord de not puss diveetiy to o defindle
spacle or growp of smuscles derived Feom et same segnmend, ner
efer all the wuscles suppliod by the nerees perforne the same acfine.
Phere s no one definite wovement for o musele o0 inweele geowg.
The motor neuraxon of any ope spinal verve have (o supply
mgeles varied in site and in funetion. Soane auweeles deaowy
their nerve supply Teow zeveral segioent aod sowseles peelartn-
ing (he same movement and involved i the same act of
volition muay derive their necve supply froan several sqgeents
of the eord.  Also the lowoer miofor nenraxon aviog onee
been involyed the posterior sensory root moust sart itzelf oug
again.  But there is no nerve which eontaing vothing but
the neuraxcns of the anterior horn spinal cells {i.e. mator
nerves). Inall museulnr nerves 1/2-1/2 of il the myelinated
tibrea are connected with the eells of posterior root ganglion.

Hence there are extensive comings and goings of near-
axone from the diffevent voots sgpplyieg o Liob, readjnst-
nenis have o be made and this 19 caveied on by the form-
atioinn of plexuszez,  Tlwere the motor and sensor Abres ace
sorted oul wnd led inle certain mixed nerves whiclt fraverse
the limb and froon these Uy come off again as wotor nerves
to several mpecles,

For the arm there arve 5 special nerves entering the
plexna (brachinl) BFEE The fitth sixth eight seventh and
first dorsal uerves enter this plexos ansd Froo i the miixed
nerves of the arm run to variows maseles: and o the skin,
that is, the plexus is a junction wiwre the lower snolor
netron from tle anterior horn of the spinal cord are des-
alehed to a wide series of museles. [ fower mofur newron
grrralysts, the mussle degenerates. 1t is w muzele cud off fram
the source of its life,

The termination of the bower motor neuren in wusele s
aifected by motor end organs of which theee ave severa)
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vatietiea, the Lroash organ of Kubme, plates of Louget, Billoeks
af Provere, those ave distinet from mscie spinsdles e e
organ ol =ensuey nervesd Tl pati-war from the Rolawdice
cortex to the volunlary oneseles iz coanparatively simple
rotite. It im i pakh of two netrons,

wegarding moveinent, shis is a relatively cirewiseribed
parehival condition, rhe dinitiating stimulos vy be rogarded
as o volibion to aller the pesilion i space of o part or whnie
of e body, the direedion of which i space 13 known to us,
Thix act is madithed onty in =9 Far as (e paths from the
cerolwtlinn, vestibular svsterr, and eorpuz sleiatwn are
browgelt 1o bear upon the lower nearon.

o teacing {he oervous pathway from the vatious sensory
vrid-orgens o the so-ealled scasory arca of eorfex we are
dealiong witlhe an excowdingly connplox toube,

SENSORY PATHWAYS:

Tu the senzore pathwaxs, no omateer what sensadion we
are alletnpting ia folimw we Rave {1 dead with (heee separade
tewrons ol $wa, =etsandion feetf connotos an o assoablame of
s pt e guadities.

The lowest sonzary w-earon of the zonsory colls eonststs
in a ganglhinon el LeTgesl in e pasterior toot gaoelia Frones
whirh ooe braneh of the venraxon puzses by 1l pasterior
root to the spinad cord wad the ather braneh travels with 1l
bnwer molor newnron throngh the b axis and along the
peripheral merves of the Tk,

The lowest seres rvooenren, wlieh suns in the sensory,
miieedd, s owell az the walor nerves af the lEmb, ferminaces
in various =nEery emdings in nmwseles, Joints,  fenslons,
niewbranes, subeulancous ti=sue: mnd skin, Thess lowest
senaory nearasans= amd thede end ovganz subsorve very Jifforent
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sensory impressions, e.qg. superficial and deep sensibility,
each of which iz eompound,

Superficial sensation way be toecls, pain, lheat o eold
and it iy be either epicritic I /£ ¥ MBI or prolopaibie,
Wy 2R SRR or it may be eoncerned with appreeiation of
weparate stimull and the exact Incalization of these stiouli.
{Lpiceitic moans serving the purpose of securate determina-
tion, c.g. eittancous sensory fibres showing fine variation in
tonch and teraperature. Protopathic means the determinution
of strong stimulation of pain or temperature}.

Deep sensation inay be citber the appreciation of pressure,
vibration or of position lu space.  The ability of recognizing
forms and pature of alyjeets (slereognosticarnse) is 2 combina-
tion of superficial and deep stiwuall, Some of these different
functions may be subserved by different types of senzory
endings, Tt may bo that thers i an aceompanying snatomiea!
diffeventiation, bul that is not proven.  But in the study of
injury to periphorat nerves ity eiear thai protopathic and
epieritie, deep and superficinl sensory Factors may be affected
individoally and in combination and that the differend peri-
pheral nerves eonttain difleront factors in varving proportion.
Treon the sensory ened ovgans of the hand these impressions
are streaning viathe lowest sensory neuraxon carried by the
median, alnar, musculo-spinal ML and musmlo-cutanenys
werves B AR, From these Tour nerves they pass into 1he
brachial plexus and emerpge on the cenival side in mixed
trunke (the Gfth, sixth, scventh, cighth cervieal and fiest
dersal}. From the mixed trunks they pass into the posterior
root panglion, then they pass ido the poslerior root (in the
ganglinn tliey join the body of the parcal actl).

From the central side of this ganglion another cell brach
{nouraxon) paszes inlo the substance of (he cord along the
posterior root. These nearaxons in the posterior root acre nat
of the gmne wizge fioe and eoarse - el ave in wore or less
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defiujle bundles. o reaching e spinal eovd the tine filrea
ren for the most part Lo fhe side of the eard and the soars:
fibires o the posterior aspect.

Within the eorl the lowest sensory nruraxon ends by
eotning te esntaet with o cell 1 the posterior root of e
grevonatter R ol the conl. 1t also, by eollaterals, offcets
a junetion with the eells (uwtor) in the anterior horm of the
cord, This is the shariest pall hetween the ineoniing sonsory
and oeaing motor hopulses, amd they esmplete the path
for refloxes ecompavatively insignificent in wan,  Relexes
are egsentially a protective mechanism in tnan,  In lower
anineals it oy be moal complex, so that eells of the cord
curry out highly conrdinated moveinent.

The lowest sensory neuraxon, is a nerve cell of the
posterior root ganglion witle o centrally and peripherally
rioning reearaxon, the first is o part of the poslerior root of
a spinai nerve and the sceond s Lownd np in a peripheral
nerve B ESEEEE. 1o the spinal cord their fate varies. They
have in emmmon, that they end in g synapsis amund sonie
cell in the grey matter of the cord and so make connection
with the seeond sensory newraxon,  The level at which they
end varics greatly, same end in sinapses alimosd Imoediately
ot entering, somuye run eansideralle jowrneys within the cord
before they ond In their livst svnaptis junetion with a cel]l of
e grey matler of cord.

The physiological principle and end atlained by the
cowings and poings within the cord ts a reprouping of
pewraxnns and 8 reclassiliestion of e =stinmeli which thes
nre carrving to the brain, The peripheral sensory herve
contpins a dual seperfieiad systet of epicritic and protopathic
fibros, also fibres of deepsensibiliry. Tt eaw inforin the conl
nervous systemn of gensation of touch, heat, cold, pain, cte.
The sensation of pain meay e prodaced by superficial or deep
or ba erieritie or protopatlice nerves, The meriald sfrenming
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gtimuliinto the eord is readjusted there,  Thereis a regronping
consisting of an integration of all stinmwli of one kind, no
nmatter what their souree,  AH fibres subsecving pain, touel,
heat and eobd, no matier what iz the =ouree, are fealated ke
aeparate groups travelling up the oond.

Thusthe individuxtity of the sensory periphoral neuraxom
ia lost after its second soneory neuron iz reached, thereatior
the sensations of pain, toueh, heai or eald are honsed o
separate fibres or bundles, and the proldent is now to zeparate
the tracis whiel earry these sensations, The lowest newraxon
which convess sensution of pain aod temperatare eones
Ly the same route, and goes into the posterior horn of e
matter of 1he apinat cord, here a svinpsis 12 formed aloat o
nerve ecll whicl is the parent of the seeond nenraxon. Tl
new neuraxon passes across {he gray commissure to the op-
pogite side of the spinal eord and runs upward towards the
brain in the leteral white column of the cord forining u
fibre in the ascending traet known as the spino-thalmic
bundle.  This tract rons Trom the spinal enrd through the
midbrain H1iE as a leash of fAbres known ws the wedial flet,
and thera the ibres end in the bazal grey ooelens named the
thulamas BIE by forming a «voupzia around o panglion in
the thalamus from which a third or upper seosory neuraxon
{akes argin,

The fibres of pidn and temiperature eross af varyinge levels
i the eord. Some run for some distanes in fhe posterios
eolomn of 1ts awn side of the cord before Yorining a svoapsts
with the posterior cood ooll in prevy mctter and give rise 1o
seeatid sensory newsixon; and gote end Damediatelc they
gitker {he eovd to poslerior horn, ultimately they group in the
lateral ealomuns on opposite sides of spinal cord, The upper
gensory nearaxon starls from 1he cortieal aren of the thalanus
and travela to the cortex of the brain in the soealledsrnsary ares

of the roviex of cerebrin.



- 19 e

Touch and =ensibility of contact fibres are more complex,
Their continuation mud regrouping takes plaee Ligher up in
the spinal eard than those of pain and tetuperature,  Upon
entering the cord some end after o short eaurse upward in
svingka s aroined @ posterior boen el From theie el te
seenid  sensory nearaxon of toucel arises and erosses the
maicllivne to the appnsite side of the eord, amd fakes up lwe
reel of its eouree i the lateral eoluint whetes it raas via the
fitlet to the thelamus and estaldishes conneeiion with the
highest senspry betron. Another amd bavger pathway 12 sone
of 1w fibres do nol form synepsis titt they have reached the
top of the posterior eoluns in the spinal cord, F9HE and the
second  sensory neuraxon is therefore shorler than those
wlrich enter avd formm svnapsi= lower down the spinal enrid
e therefore hove o looger vearaxon. AL eross Lo apposife
side of apingl cond.  Pathologionlly this erplaing why in twjury
af esred o praticnt woy fose pada qued teaperature eensilility and
not of doteh,

FIBRES OF DEEP SENSIBILITY:

These Bhres on enbering the cord reansin wnecossod anad
negronpad in the poeterior eclunies of their awn side, il
thew, with the teneporarily wnerasserl mel unsorled Glres of
pain, temperdaree, and touele constivate the two great il
nesses of e posterior coluin knows ps tracts of fail ol
PBurdach or the Funlculus gracilis aind [uniealus eonenous,
From these two coliong the aiggroupesd pain snd thernmal
fibres ave constantly passing away {aornss g ind Beeoaee gron el
as seeond neuron fibwes in the lateral eoluion ol the oppesite
side of the cord, The fibres of fouch are also pussing awar,
though some remain in ibe posterior columu Toc ils whols
length belore eroszing tn the sane war s fees of devp senst-
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bility. The dual nature of Uw pasterior eolumns i Just
anatomical nof speeialised into different traci=,

The zensory Bhres from the legs Legin at the lowest
extremnity of ibe cord and those Jromn the arm eonstitute o
Lateral addition to tho original tract of the posterior eolumn,
i.e. those of the arm eonstitule the funiculus cunentis B2k %
{column of Burdach)} and those of the leg the Tuniculus
gracilia PEMR {columu of (all}. At the upper cxiremity of
the spinal cord these two tracts swell out into two ganglionie
rrazzes known as noneleas cuneatous onl nuelows gracilis which
produce prominences on the dor=al surfaee of the ndatla
known as the “tulerenlium cuneatum” HAREEDF and the
“elavn’ respectively.

Within these ganglionic masses the lowest sensory nenrons
of deep senaibility come to an end in synaptic juictions with
the cells of the ganglia, From these cells the secord sensory
neuron ariges and passes upward in lhe et and ig the
fillet erosa the miidline by the sensory deeviseation of 1 1id-
brain, and o pass to the * thalamus"" of the oppozite side of
the body.  From a cortical cell of the thalaons o which the
gecond sensory newron eods the apper neuaron passes to e
cortex of the brain.  Bub moany Gibresof Uhe pasterior eofumn
go not to the thalarnns bot to the cerelellum, This silent
gystern  of instreaming  afferenl impmlses s one of the
mechanisms whieh form the interwediarics between deep
genaibility and movenment for it regulates atnl controls poise
of moving parts and eoordinates the inipuises conneeted with
muacle sense and the tone of mwascles neeeszare to affect
balanee and postare,

The thalamya iz the great sonsory recepior. It miay e
compored with the corpus strintum EUR M (eardate and
lenticular nuelei}, the great basal subwonerged cortical mass
which initisted miovement in animals,  The thalamus wned
eorpug striatam may be regarded, rospeetively as the senvnry
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reevptive atal metor Initiading ancelanisms of the typical
piapaliee besin, But we Yave seencthat the funelions of
the corpus slriann possessed o lower animals iz not posseesed
in man, but Lias been warpecd by the enrtex o the rain.

Wleat iz the relation of the corebral cories amd the
thialanius?

The work of [Hem] apon eortical war wousds of the beain
iliving the war, shows that if the mater cocter b desteayged I
tlaes wal Jopeive the puticit of wiecgment, el dogs peshibit the
peeforimaars of way wmeavement af whicl fhe petient has way ap-
pereidion ax an aelfve profiee of the purt fo spuce. A maan wlio
has sulfered injury 1o dhe sensory cartical part of (he brain
{post-veniad gyros) ean feol pain, touech, tomperature (heat
arel eold) with the atfeeted part bit he sannot appeeciate its
poesttion In spwee vor can e silate or localisze seperate
contants made sinubtansously, e = unable to estinate
weiglila placed on the part or 1o voabise the likencss or
unbiloness of objeets brought ito eoutast with the part.
Moo=t of the fibres Involved in these forms of sensibility are
ilioge carried Az long senaory neuraxons in the pasterior
vobizen of the spinal eord whieh we geauped as tibees o Jeep
sensiility, awd to whicls are added covtadn of e Ahees
subserving touedt, 1t 0= probably justilinble to vegard the
columns of Gall #31 and Buvdaeb 3TER and 1he nocleos
cwteatus vl noeloas pracilis) toecther with the eros=ed fibres
af the fillet as fhe great pathway for the Dinpubaes of gpoeial
apprreiation and oliserindnalicn wheeh are w0 essenbiably
cortival in nalure,

The wark of Hea:! has chown bow donsinant in 1he
eortieal @ensory area 15 the represeniation of the Jounl as an
apprecitiive orgat. L would appewre 1o T race o ol any
disturbenee of sew=ation alter s eortieal indury 1o which
the hated i3 nol involved, Hoead has glown that where the
frme da afToeded, tlee thamnd and Diedex Aioger will T Tkl



suffer top. Thise shows that the thumb and index inger are
represented in the lower limits of the posteentral convolation,
BERIE i.e. the thumb and index finger areas as being added
next to the enout area in the phylogenelic A8 3 8 8 huilding
of the cortex.

The little finger i3 uvaually involved when a cortical lesion
produces changes in the sensibility of the hand, We nay
therefore picture the sensory area of the posterntral convolution
as baing largely ocenpied by the discriminative sensibility of
the hand arranged 23 a series of five individoal digits from
the pollex to the miniwus as the area iz followed upwards.

NERVES mg

The narves are complex entities consisting of neuraxens
of different kinds well bound togethor into o comnwon truulk
by a wrapping of faseia which comunonly contains Taf andd
which is known as the “epineurium®’ FREE S Within bl
trunk are separate subdivisions, termed funicoli, 9 each con-
taing its own complement of newraxons bound together by

the ‘‘perineurium' MR HAE which penetrates within the
thickrness of the tronk.

Each funienlus ia again perineated by finer docivitive: of
the same all pervading fascial tizsue which wnder the nauwe
of Yendoneuriwm’’ FHFEMEE envelopea each neuraxon aml
ita own preper coverings.  These invasions of fascia are
almest entively supporting and protective in function, for the
blood vessels earried by them to the neuraxons are extrenely
emall the nenraxon baving very little Biood supply,

It is this supparting fascia which gives nerves, a4 seen
in diesection, greatl strength, 1t al=o produces the puzeling
eondition by which some nerves appear to grow thicker the
further they are traced toward their temuinatians,  The root
nerves as Lhey emerpe froin the beain and egrd arve of minuke
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size, eubsequently thie nerve iz of large size even after having
given off neuraxons in its course.  The further the nerve
iravels and the fewer beeowme ity neuraxons the geeater the
need for supporting fascia.

Within the thickness of the composite nerve the funienli
ran o more or less iLdependant couvse and it is now poesible
to determine with Faiv aecuracy the position of the different
constituents in diflferent portions of its course, L e (the mmotor
tibres fromy one partioular group of musclea, occupy a fairly
definite and independant pathway along the coorse of any
mixed nerve,  This iuformation iz largely frov experisnee
in the war, when large numiiers of cases occored when seetion
of nerves and parls of nerves was made by bulletz.  Though
the soparate funiculi remain Inrpely independant the langling
of the tierves yvaries greally in different individual nerves, ¢, g.
the musculo-spival nerve A EREE vy be casily froyved out into
geparate strands and one strand, say the nerve (o an individ-
nal munsele may be disseeted along the trovk for a consider-
able distance.  In the couse of the mudian, this is ab times
impossible, for in texture the rmedian nerve i a tangle whereas
the musculo-spirad 15 a4 bundle of parallel stranda.

In the hand nerves inost eoncerned are the ' museulo-
spiral’’, B ulnar”’ R and Fredian’ F W
The musenlo-zpiral arises from the sixth, seventh, and eighth
cervieal nerves. It is a motor™ sapply of the extensor
muscled of the etbow, wrizgt and fingers and Uw sensory supply
of the extemsor surface of the b, Above the elbow the
mwiuseuls -#piral nerve divides inlo two branche: which are
cantinued to the hanc,  OF {lwse the posterior intorssseons
consigta nearly cntirely of muscular branches and the nadal is
eotirely sensory.  From the mousculo-spiral, brancles cun
to the irieeps AL and anconens FHEERL these muselos
extend the clbosw Joint {zeventh and eighth eervieal root=);
intervate the sopinator longus and extensor eoend radialie
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longik (sixth and seventh cerviend ootz the posterior -
terosseons: semds mmzenlar branches to the exiensor carpt
radialia brevis, the supinatoer brevis, extensor carpi ulnaris,
extensar connmnis Jdigili, exivnsor mintmi digit] sl exron-
sor indicis as well as extensors of thwmnbs, {extensor pollicis
longues, extensor pollicis brevie, and extensor osels netasiri
poliicis),

As far as the band is conecerned the motor effeets of in-
jary to the mnsentloapival are, therefore paraly=is of 1he =upi-
natorg, of the exlensors of the wrist, and tie extrinsic exten-
sora of the digits,  The elassieal svinpton is dvop wrist ™.,
The fingers cannot be sivaightend oni oar G melacatpo-
phalangeal jointsbut the terminal phatanges, meay be extended
Ly interossel monseles. '

Tl radial consist of Abres from the sixth cervical nerve
and is destribuled o the skin over tlw back of the radial side
of the hand. 1t iz not an imporant neeve of sensation for
the Tl

The median nerve i the most impariant of (he perves
of the hand. It isderived Fron the sixth, seventh and etghth
cervieal vools with zomie fibres from the iirst dorsal. The
sixth and the seventh cervical enter by the enter head, and
the cighth eervical aud firel dorsal by the inner heal, af its
iwi hemds of orgin,

This neryve is molor and zensory, all farts of sen-ibiliry
to the pronator rwdil teres, (these arve from gixth errvicald
aned  the flexor 1ouseles, The fr-t wotor nerye  aboge
the ellwow joint goes to the pronator radii {eves; Just helow
the nint filees go fothe Hexor earpd radialia, and a seeowud 1ot
to the prouator radii teves, allof these ave Fronn tue it eer-
vical.  Mofor nerves from the seventh and eighib corvies
and firgt Jorsal go fo Lhe flexor digitoram sublimas mnd to
the palmaris longne, and g gecond nnd 1hind set to the Hexor



sublinius,  Other fibres sapply Lhe Hexor pollieces longas: amd
the racdial part of the flexor digitorwmn prafundus,

It iz eordinuwed dewn the foreano as the the aulerior
interosseous norve whiclh soeds ranehes into the prosatos
guaceaties and hetee Ahrongh the annulay learment 1o the
pain of the hand. T the palin woelor branches go to the
abducior pollicts, the opponens, and the ouier of 1l oo
pollicks beevie, and to the two radiod eide lunnbeieales neosales.

The senseoy fibres go to the skinoof hand, the first palinoe
eutanecous and Bve digital eutaoeous, the ficst and second to
the wareing of the thhaob, third to the radiad stde of inedex,
farth o the index and meding and the fifth braneh to the
meding and the ring fingers wied this Tasi branch coromubieates
with the digital Lraneh of the ulnar.  The median gives off
minny hranches to benes, pomits, Bmuooents and the interoseons
wenbrane, FHEME besidos many branehes to Dlood vessels. bt
may be sald toahmast prssess o monopoly of nerve supply of
the Foeearm, Tts terminal branches have ey Pacininn Dodies
I AR As it passes Indo thie palun, it swells inta an
sl guogliform enlurgement of a pink geer oolour THhis
calour s peeuliay to this veryve aoed the Jdistad et of toteenad
politeal as W enters the sole of the fogil) Bt abso has In fl-
sl an ariery—urierin eomes noervi—s=a also bhas the infoernsl
poprlitinad,

The median nerve sopplies epleritie sensthility to the
pabiear aspeed of the thaml, dndes, peidadle, podd the radiad
sife of the ving finger and 0 earrespanding pots of the
prebor, Ot the daesa of the haat i =uppdies epieritie fibres
io the index, wmedios e ring dngers, over thetr two ternsinl
phalanges.  After injury there is protonathis less on the
palioere aud cdorsal stde of e two terninal phaliaoges of the
inctex and middle fomers and sonme 1o the palo ol the Tuuwd,
Crver Al sane area deep sensthility ) zense of posisinn, anrd b
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gengation s lost.  Also trophie ehianges {1, o, those pertaining
to nutritiont aceur.  Motor loss is not so great an injury as
w2 that of gensibility.  Thia seeme zirange for U nioior hres
af the meodian are many.  The nwdian supplics the whole of
the flexor digiloriam sublitmus and the radial side of the
flexor profundos; it would seetn that 1 the wedian were cat
aff, the patient eonld nol flex the first mterphalangeal joint
of any finger nov the ternininal interphalangoal joints of the
mdex avd middle fingers. Bt we [ind if we ask sueh a
patient to eluse his fist, he will be seen 1o bend alt the joinls
of all the fingers.  Thix is because the flexor profundus
flexes the fitst interphataneeal joint after it has flexed the
terminal joints of fingers andd thos elose {hens info the palo.

The rveason for it is that the brain (volition) controls
muscle action, not individoal musele, so when the mind
desires to close the fet and some muoseles that normally do
i oare injuried, it ean and does, when ever possible, eall
another muscle to elose the first.  But if you isolate the index
finper and have patient contre hia attention ot bending the
termiinal joind, thus he cannot Jdo and thus the paralysis B
ef the flexeor profundus is elearly proven.

The ulnar nerve i a mixed motor aml sersory nerve.
Lt is derived from the gighth cervieal and fizst doreal, It lies
on the back of the internal condyle of the humergs, 1t en-
teres the forearn between the heads of origior of the flexor
earpi ulnaris whieh it suppliss,

It then supplies branches to the flexor digiormn profun-
dug, about two inclies below the clbow joeint.  No Turther
mwotor nerves come from it Ll it pagses the annnlar lizament
g entersy the palem of Lhe hand.  In the palm it divides
into two branchoes.

(1) superficial--the nwotor supply 1o the palmaris brevis,
antd
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() decp—the otor prrves to Llwe intrinsic museles of
the palm. Thiz lanch =upplies the aloetor and Hexar
Lirevis minirad digiti, also the npponens ndnin digiti, ali the
interossci, and the two nloar side luombrieales, It ends
the adductor pollici= wnd the foner beack of the lexor brevis
pollicis,

After ingary of the wlnar—motor cffects resalt —he wrist
i gt be dlexed by oother mwouseles than the fHexor earpi
pluariz, bt the loss of the aetion of this usele is shown Ly
o devintion of the hand to the radial <ide. Loss of power by
the intrroszel prevents spromding of the fingers or, the draw-
ing them together except ns fur ag tlw long exteusera and
Hexors can perform et fuvetion aned this they can dooxecpt
for the little Aaneer.

Loss of flexing action of the inferossd aod lombricales
WIHENL i wnarked on ihe metn-carpo-phalangeal joinda, the
deformtly enused i3 ealled “geifl or elaw haad®, whiell is
caaed by paralysiz of e Iombiesles sl interosaci, and
then the cotensor eommuniz pulls 1he meieearpo-phialaegeal
johrds vt hyperexteongion.

I oease of ibe e fioger the positinn s exmmgerated
sipee four muscles (lexor brevis, abdaeror, terossens ancd
tumbrieal) which produee flexion of this Miger ave paralyvaed
ﬂ'l_]f_l t"ﬂ.'['!l ]I]l'l?_{‘il:'.‘"; {“.H" COAETETARE 1"”"] f}l'f}lll'l' !‘xfl'_'I]."-'l,"]l',"_'-J [ %]
pull the st phadunx backwand. This hyperextensiun of
mi-carpn-phalangeal Joint leads to passive Hexisn of two
terminal jointe which cannot e straislioned hacle by tle
paralyzed [terosser.

SClawing IR of the niedius and index fingers is not so
marked, Becanse the lambricades of these digits iz preserved;
flexion of the mela-earpophalangeal Jofols s sill possible,
Nevve contral to the addactor of the thurmly beade to all
prasping nelion befween the (hamb and index being performed
by o eharactoriatie pinehing movement of Hexion ol the terp-
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inal phalanx of the thwnb through netion of Hexor pollicis
longus.  Fhe ulnar nerve sabzerves all kinds of sensilvlity,
after seclion, protopathie nnd epieribic are alb lost as well as
deep pressure sense and the sense of position.

THE SENSORY BRANCHES ARE THREE:

1. palrmar: 2, dorsal; 8, superfelad ferminal te phal-
angee. The area of uinar epieritie seraibilify varies, as 2
rule it embiraces the nlnar side of the pulm as fur as the mid-
dle line of the viug finger, all of the little finger and ulnar
side of the ving finger.  After injuary protopathic loss is
complete, in all of the litle finger and o corrczponding sivip
of the palmar and dorsal aspects of the ulnar side of the band,
There is aleo 2 similar loss on the gide of the rving finger
next to the little finger,

[ujury to the ulnarieads toloss of valuable museularaction
as well as [mporiaut protopathic senzation.  The museles
supplied by the alnar in the band ave the anes that perfor fine
wavenwent andd their losy in dillienlt to recover,

THE HAND AS SENSE ORGAN,

The whole of the central nervows apsdem & merely g Tnlecio!
portion of the genernd surface of the body of the embryo NBIG.
The {irst beginnings of the neural axis ineluding the brain,
apinal cord and every other part of the eomptex of the adalt
nervons syrsleln  are wanifested oz the sinking iu of a lineal
partion of the baek of the ordinary epidermizs B of the
embryonie body.

Latter an thiz groove deepens and beeowes burjed in the
tissues or the embryo et while this is coruring the neural



crest (1 e, the sides of the groove) folil over aud meet in the
darsal Yne and the groove beeomes o tube.  JEo3s o the'’
gorue general cpiderinal ecovering of ibe cmlwyo that the speesial
organs of smell, taste, sight, and bhewring we developed, The
rest of the epidermal of {he vinbryo lefr over after the eeniral
peryous systein and speclnd orgaoes have been dilferentiated,
becomes U skin and tls derivitives, hairs, nails and teeth.

The eeateal aevvans sydem i3 bweied portion of the <kie, or
the skin (¢ an erposeld pov of the contead weeenns spsten,  The
skin is the greatest and Che most ancient of fthe sense organs
of the hoda, It 25 the sensory eovering which cnables the
ainiimal to learn of s survoundings, Az an animal moyves
forward the ead of the body in front will need informaiion
Leeause 4 fiest uweet abjeels of the outer world,  This skiu
may be regarded as beeoning specialized into o miore senzifive
area and is the precursor of the ecophalie zense nrgans of higher
animala,  Pub g sense orgmn 33 of ttle wee unless il can learn
from information.  There is necdod aesnnecrion between 1he
sepesr organ and the deeper tissues af (he ody =0 (o aniaeal
wmay react properly. A sensory dnpresstonr st e alle to
preadues aowndor vezpons=e. Cella o the corfoee Laser vy
tulee upr i deeper porConr aod =0 mainiain eannection witly,
and pazs stimuli o, the cells specialized L producing move-
ment.  The anlerior position of the aerve groove i< the
largest amd best developed., Qur enntral nerve system s,
tlierefore, a poriion of the slin swrtuee buried in the hody
wned eonteets colla whiely gathers Information fram the oufer
worrld mrned the eells whiel ore fo the Body, Pl Lrain (2 i
endarged el of e censral vervoos system, The #kin aud
appendages are te exteroad aervous #v-tem, o prinidive
aniinals Bl &S the sense organ at 1l frond end 15 olfactory R
a3 well as taetile. B The great (i nerve area of the snont
is the tactile foela Tor dndormabion.
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Vibriszae ar “Wiiskers' and sensary papillae are added
“to heighten the toueh. Pl great Gassorian gongtion 42 5
FEM beeomes o osten ozt of hoportance on the frizeininal
nerve, =S0EE when the lower mammal becomes elothed
witht Fur the Lip of the nose is noked, ancl it 18 Lept consdant-
Iy moist. In animals who dipend on the sense of siglt
rather than smwell the Up of nose I8 dry Cuanally ), The
woistening is seent-hunting antmals i3 to deteet diveetion of
of air eurrents (wet 2 Ronger for diseetion of the wind hoitates
aueh a ruamoalh

When the mammual has a thick askin the nouzele skin
reains senxitive.  In Byving, the olfnctary sease cowses tn be o
gaiding sense aud sizht iwpressions predominate. With
elintling animals the eves supplant the nose and the prehensile
hand wsurps the funetions of the muzele,  This eireunsianes
t= o laree advanee,  The hand beeotes the organ to (each
the qualities of s surroundings, 1 men i 33 bwore speeial-
ized than in any othor animal=. The hand grasps anl works
and I8 4 specinlized sense organ and wospeecinlized  sensory
nervons system mwember. We learo theogzh it of an ohjeets’
aurface texture, frouch ar =smaoth, =lape sod dinension,
lard or soft, weiglt, so]i:l[tj.*, hot or cold ete )

Th incdex (nger plays the prominent part e o digitad
examinaiions, it is another exe for Lhe surgean, or the Been-
ing ear. The thamb, index and radial =3de of (he medial
fingor are minst apecinlized. These are masdian nerve territary,
that nerve, thercfore is the channel by whivle the barge bk
al our inforigalive sonsory a2linwdi bs coecried to the Lo,
Lo primwitive maoemals i is the Bfen (eigeinall, Tn onan
the median nerve thal eareies thie sonsory =sthoolido the boain,
Cutaneous senaibilify ia of two {rpes, epieeitic and protopa-
thie. Epieritie gensibility cotprises light, touch, oo light
pieee of cotbon drawn over foger. I also registers appreet-
atiom of temperatures between 23% and 3770 as well as
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inelwdes the abilidy Lo recognined and o seporaie simaltane.
ouz candaets,  Praptopaiioe fachades (e owre orode =eiesee
tions, ooz pair by oprick of pin vl preater degrecs of Liont
anid eold.

These foros of superlicial son=tbiHLy s be distinguished
From ilw appreciation of pressure, the sevse of posttion of
joints and the sense of vibreelion, Adgam the fermgnnstie
genge, of the ability to recoznize tlie shape and size of an
abjeet s o complex of ot deep ol superliein] scosibiilities,
Such o olassitieation afords a basis loc all investigetions on
Bl periplhieral nerves,

To subzerve the sensory Tunetions, (he 2kin of the hond
CURIATIE TNLIUEFONS SCNSe Oreaks in aasocislion with terminals
of the =en=ory nervezs,  These end organs difer in type
and  special funelion, buf theic meaning and connections
are by noomean: pladn, Peon=ory oerves on approaching the

spefiee of the =kin divide indn 2 vazt of nomber of small
veriingl twigs vandiving in the sobewmeons tissues, {the
deep cwlwieons perve plexas ) From this plexuas loe Ola-
wents £ pass ointo the derpls where they agein becone
pnterboeed auad ave oown as Lthe superticin! cutaneous plexus
and Trong this plexus e nerye terminals pass oo inio e
epridierinis, Fooewein of thwse situationg speaialized organs
veenr, all of {hese are conaplex amd ave wsually nanosd aller
e dhisooveren.

I the epiderioes, the fiest deriainals of she nerves el
gpriers belween the vpitheliol cells (Retzius), ac they may Juin
into a fine meshworls and apparently eominate iu the el
themesolves (Langerhans}.  They fermioale as moore definine
et orpans a= the ndr-epitlelinl kel paniees of Puogieb”
ar as vy setndeil expans=ions of Dol

o tloe dergnds the Germainat ions of the senzory nerves ale
very ainnetens ansd some appens tooend as free filaneent2, £
st athors are in assaciatinn will definite encd oreans a=ually
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termed corpuseles. The best known aro corpseles of Mvizsner,
A of Timoefew, of Dogiel, aml whorl foring aszociatad
with eorpiseles of Rullian,

In the decper layers of the dermsis and in snboutanecons
tigsue ocear the badies of Voler, and Poaccind, cnd organs of
Gogli, Mezzond and corpusclos or termal exlinders of Raffiani.
Naone of these end organs are the exclusive propeety of the
hand, a5 they oceur e olhier parls of the body,  The intra-
epithelial nerve terminationy were first described by Langer-
hans in the skin of tee palin and of the lermial phalanges of
the fingrrs but they ocewr in other sites. The ivy fendvils aod
bBiesleet endd ovganes are sald to e peeslinr to maoimals and
arce unsunlly ossociated with sweat duets, and are albwwlant oo
the palmer surface of the fingers, bt orcur in other siles
where sweat dueta are numerous.  These throo types have
been assumied to gubserve the function of fransmitting the
ligthte=t fouelr wpnplied to the surface of the =kin and thorefore
to be: organs of epleritic sensibility.

Teruinal end orpans ns Melssners corpozcles § 229
ave the tvpe we enll tnetile rorpuiseles o foegel boalios, Those
are znid 1o oeenr i wan and wmenleyrs and no other antuale
lower in the seale of life, they are however alin to ftructares
describued from mingzles of lower animals.

1t is om the pulm of the hand and 1he sole of (he faoi that
thoy are most nuwerons, It i3 said that the palioer surfoee
of Che Tmdex finger fip hag W to cach two sgqnare milinwer:,
the seeand joiut bos 40 amd ihe ihicd point 15 an 2 ke area.
In the foot about 30 to two sgquare milincters on the st
foint of the great foe, and seven o eighl i the meididie of (he
zole i w =ioetlae sized area, They ceeur o the nipple of the
breast, seanty on the under or voelar surfoec of the fovearm
and al the edees of the evelids and lips as well as on the
penital arca, From the reat of the body they appear absent,
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In spidler monkeys they are found on the tip of their pre
hensile fail,

The sitea of the Parcinian bodice in subeutaneous lissue
are more familiar sinee they are the only ferminals to be seen
with the naked eves,  They are abandant on the palmar
sutface of the fingers.  On a median aeeve branch o a single
finger {here may bo ay mwany as 100, There ave said to be
SO00 Paccinian bodivs in all the skin of the hods, sone 825
in fingers, soles 530, arm and forearm 322, legs and (highs
176, shoulders 24, buttocks 10 and 92 on the rest of the
trunk. They are usually absent on the backs of the hands
and feet and are rarve bencath the skin of the neck., These
todies are found in deeper situation in connection witl nerves
to the external genitalia 2B and the mammary eland,
They oecur on the nerves to the periostenn and on thoze sup-
plying internssecus meinbranes, joint capsules and tendons,
in Jarge wumbers in the thoracie and abdominal viseera in
commection with the plexuses of the sympathetie nerves, 288
g upon the prreitotneum BB and pleura BHEE and within
the  mwesentery where sympatbetic  filaments  tenninate.
Corpuseles of Bufliani and Gogl were desoriled on Uie palim
af the terminal phalanges amt in other sthaations, those are
not organg of louch in the ususl sense.  From sssociation
with uerves supplying joints (hey are gupposed to be connee-
ded with the approciabion of position in space.  They ara
said to be the termination of vaso-molor nerves or to be
contected with zensations of pain.  They are zaid to e
associnted with gense of pressure and also with eansalgin,  In
the body they are aspociated in bollow cuvities with sympa-
{lelie nerves aod may be sympathotie nerve terminals.



SYMPATHETIC NERVES OF THE HAND.

The mcehanism of the musele purup [or the return of
venons blood from the Limbs, is a part, but a very small
part, of the complex machinery which alapls the cirealation
to the functional demand of the individueal or its part during
varving phasges of activity.  Beyond the crnde driving power
of the heart masele on acterial blood, awd the inflnenee of
rezpiratory movoinents and musenlar eontraciion on the refuen
of veinous blond, there is needed a more subtle indfluence tn
regulate the foree and rate of the heart and the bore of the
binod vessels, and thus maintain the blond pressure which
sustaing and maintaing the eivculation of the blood.

This subtle infloence i3 afforded by a system of neryes
know as the sympathetic or autonomie nervous sysiem.

Although the regulation of the cireutation and its adapt-
ation to temmiporary stress s but & part of the funetions of this
compicx system of nerves, it i3 its maost owlstanding role, The
exart and full funection of the sympathetie nervons svstem is
not understood and much of the interpretation of the fune-
iton= Is specnlative apart from g prvely viseeral aspeoct.

Primitively (phylogeny, B R ontogeny M4
) and functionally the svirpathetic nervous sysiem iz (o
the moost iotitoate relgiion with eertain elioimalio eells
{pigraented cells) which constitute the elenmients of the ducticss-
gland known as the adrenal.  The adrenal proditees an in-
tornal secretion WM which, like the sympathetie nerves,
and, in conjunction with their infaeee, acts npon the cireu-
latory avstem and raiscs the blood pressure.

In the hiwnan ewdalt the echromaifio cells ace mainly fonnd
it the mwelulla of the suprarenal bodies and the sympathetic
nerve eellz in the various panglia of the sympathelic ehain
angd vizceral plexuses; bul both sets of rells have wmerely
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watdlerad from the sentral nervous svstom to these sites in
the proeess of development.

Tloe parenel eell of (b loawvest motor nearvon is sidaated in
the anterior horn of the spinal eord, within the tissoes of the
spinad cord; but the similar eodl of e sensory neuraxon hag
miigeated from the substance of the spimal cond to 110 poster-
inr root ganglion.  The sympathetic eells ave igrated
Farther aod are sitogated 1o oullyiog gaeelion stonog ws beads
atong {he svmpatbetie chatn, seattered in various viseerul
ploxuzes or in the walls of vigeern, or, have been even segre-
galed In oo so-enlled doetless eland . Bueh is the eseential
nature of the sviupathetic nervons zvstomn, Tty ganglionis
vells bave wandercd Trom the axisof the eentral nervous systom
wlhere they were fogether and have taken up slations in ouf-
Iving pavts.  The separation of the sympatletic nervons
gystein from the #pinal nr somalie system of nerves, 15 more
apparent than real, and the separate functinns of each as
independent identitics iz not easv.  Althowgh thess cotls have
wandercd from the eentral wervous svstem i renming con-
nectl with that =v=tent Dy 2 nerve G-, This fibre may be
regarded wsoa spinsd troct deasen Sron tbe cord as the eell
weiperated. Bueh Bhres aee Enown ax pre-ganglionie hresor
wiite Tund comvmunieantes,  They [oave 1w eond via ihe
roatz (mainly antervior raot) of the =pinal nerves and, Trecing
thranselves Troms iz connection, teavel (o a far or tear sym-
patietic gangiion where they come in eonneelion wich the
verve colls of e ganglion. These pro-ganghionie filives are
ef anmsall bore and generally have a medublary sheath 35 #
which is present in the typical sematic spinal nerves ol
which gives them their white eolouy (henee the name white
TAIL connuunieuntes) .

The course of the preganglionic fibres in the centrad
nervous syston is not definttely delennined, Ther have hean
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traced to the nerve cells of the grey mattor of the laternal
horn of the spinal cord, and sone observers have traced them
to the dorsal nuelear cells {Clark’s cotwmn) ¥5EE aud also
to the cells of the anteripr coluimn., These fibres do not
emnerge frow the cord by roots of all of the isswing spinat
nerves.  They are concentrated upon o comparatively few
segroenta,  All the preganglionic fibres whiel join the sympa-
thetic gystem proper ave derived Frow that limited area of the
gpinal cord between the first or second thoracie nerves and
the first or sccond lumbar spinal noryes,

An ontflow gimilar in general disposition takes plaee from
certain eranial and lower sacral nerves. These do not join
the sympatbetic cord but pass to distal visceral ganglia where
they connect with ganglion celle and from which they are
distributed as post ganglion fbres, the para-sympathetie nerves
Bl B EE of the head and pelvis.

The aympathetic outflow dees not pass to the ganglia of
the gympathetie chain in those regions of the cord from which
the great limb plexuses are derived. Tosammarize: the apper
neuraon of the true sympathetic systemy conaista of a cell in
lhe grey matter of the lateral horn of the spinal cord, and a
neuraxon which leaves the spinal cord betsween the limly plex-
nseg and pazses slonp the roots of thoraeie nerves. It leaves
this nerve as one of the white rami comnunicantes.  This
preganglionie fibre rung a course of varving distance and
ends by coming into contact with one or more eells situated
in a ganglion of the symapathetic chain,

From the mltipolar cell of the sympathetic ganglion a
new neuraxen arises and, as a rule, these have no medullary
sheaths, hence are nol white, therefore, the lower symipathetiy,
fibres are grey aud semiiransparent and, as a conscquence,
are hard to distinguizsh in groass dissection.

Some of the fibres (posterior ganglionic) pass to spinn
nerves in the grey rami communisantes and are presumalbly
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disfributed with the terminals of these nerves,  Some of them
pass to the vessels and are carrlnd fo ootlying parts aleng
with the walls of the vessels, others go straight to glands or
involuntary miuzeles which they ionervate,  Iivery spinal
nerve in the entire series of them regeives itz contribution of
postganglionic fibres vin the grey ruini comnnunieantes, but
anly theze nerves in the interval of the b plexuses give off
white romni esmmnnicantes or prepanglionte fibres,  These
postganghonie fibies of the svmpathetic pass to all nerves
of the cerobro-spinal system,

Althoungh the gpinal nerves receive a vory definjte share
of these fine non-medullated syrmpathetic fibres that is not the
only method of their distribution to the tissues of the body.
Many probably go via the blgoed yessels of the limb and they ape
found in viseernl eavities.  Other noethods of distribution are
ztill to bo found.

As to funetion, the Ghres g0 far considered are motor in
Function and efferent in imopulse fow. o bricf, these fibres
aclivate a largs range of tissoes without the inlevvention of
any conscients volition,  They dilate the pupil of the eve,
produce  ‘goose-skin®' an the Brady, ‘ercet the haira, anl
produee a secretion fram the sweat glaula; FFIR they guicken
Lle beat of the heart, act on the nisele in vesael wallz, raise
the: blood presaure and determine the ow of the blood to the
miasele, Tunge and brain instem] of to the walls of the vesseis
of the alimentary canal; {fEiHE they act on the glands of
nternal seeretion, PIZME and on the inetabolism S7 BT
generally in suell @ way ns 1o render {lw best possible servics
lo the organs eallad npon for bodily defonee. Fhe whols of
thetr uctioity G mechomezm for 268l defrese. Uk ot involuntary
aetivity called fovth in responze to fear or pain andd i fits the
antnal for the struggle which in animal life i3 linble to folfow
the receipt of an unpdea=ant sensors opres<siomn,
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But when we turn ty the afferent ov gensory side of the
sympathetic we ﬁnd_uur knowlege is very acanty. Sensory
nerve endings have been degeribed by many observers in
viecera which have a gympathetic supplr, in fact. there are
few viscera in which free sensory nerve endings of fibres, pre-
samably of this svstem, have not been recorded.

The details of the course of these Ghres is very mengre.
The fibres are medullated, they are larger than the ordinary
preganglionic sympathetic fibres and apparently make no
eounection with sympathetic ganglion cellz but pass dircefly
to the cord through white ranng commmumeantes. These are
not the only free sensory nevve endings, beeanse the Pacini-
vater cotpuscles in the mesentary, retro peritoneal tissoes and
other sites in viscerui eavitiea are the emlings of this syatem
of nervee. We may suppose then that these gimilar bodies
on digital nerves {Paceinian bodies) R R /IHE are also term-
inala of sympathetic sensory nerves.  We know that there
are efferent sympathctic fibrea passing into the limbs by the
postganglionic grey commubicanies to the nerves of the
hrachizl plexus, it is (hercfore pogsible there are also afferent
svmpathetic bres in the Hubs, part at lenst of which end
in the Pacini-Vator end organa,

The actual distribution of the seta of Ahres in the limb
is not known.  We know that effecta which in olher partz of
the body are known to be produced by efferent sympathetic
fibres are brouglit about by aficetions of the mwedian nerve,
atd in a less depree of the ulnar nerve.  And in the [ower
extremity sympathetic effects are mainly ovoked by affections
of the internal popliteal nerve. We therefore assurue that
the mediau. the ulnar, and intermal poplitenl nerves earry
ertmpathetic efferent fibres beeause of the many Pacind-Vater
corpiacles which erowd thelr terminale; and we suppose the
saine nerves to be the agents which carry the efferent sympa-
thetic fibres of the b,
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The afferent sympathetie fibres framt the viseera, are said
to reach the spinal eord mainly via the white rami-com-
municantes 3EREE but their roate is m;t, agz open as that in
the rases of the nerves of the limb plexas,  In dealing with
the sensory pathways of the posterior oot we know the fbres
are not all of the zame =ize and gome of theny remoain in n
fuirly distinet bundie which Iz smualter i zize than the zpinal
nerve fibres,  Ulwese fine fibres on reaching the eord run to its
Luternal aspret, unlike the larger fibres which run to the pos-
torior column. and it is extremely likely that these fine fibres
e the afferent sonsory eletment of the synpathetio system of
the limb.

Jnst why the fibrea of the noedian and the internal
poplileal -nerves should show sueh individuality in the syapa
thetic gualities Is hard to guess, but we have nolicod that in
the viseeral cavities sytpathetie nerves are commonly distri-
bited alomg the course of the vessels mad we have seen that
ihie origival courses of the main arterics of the b are alonge
ile eonrse of the vocedian aod interanl popliteal nerves, With
these peryves there are the degpenerated reminants of the an-
cestral (e, cmbryelogical) arvteries, and it is nob impos-
sille that their ancient eaniplenient of sympathelio (lhres iy
added to the nerves witl which they have beeone Ineorpor-
ated.

Whad phase of sensation then is the provioe: of the
sympathetie nervous system? v, Ilead says The internal
organs are sussicd by the protopathic system, there is no
controiling epieritic mechauism.”™  The uternal organs are
gupplicd from the anatomioal svmpathetio svatem and (here-
fore the physiologicd protopathic oy be the aowlomicat
afferent sympathetie system. This 1z significant for prajopa-
Lhie setsibility i3 a primitive, ennlde, diffuse sensation of
poin or eomfort. Protepathic sensibility warn= the animal
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it is being hurt but gives it no specific information as to
where the irritant is located That protopathic sensibility,
cven in the limbs, is'a function of afferent senzory nerves of
the sympathetic systemn is a probable assumption.  Further
investigation of the sympathetic nervous supply to the Hmbs
ig necasgary,

THE VASCULAR CHANNELS ﬁF THE HAND.

The stady of the vaseular mechanism involves = study
of arteries, veina and lymphatics, the firal brings the blood
ta the parts and the aother two return various elements of blood
to the heart. Physiogenetically the separation of the veins aad
arteries from the lymphatics ir only o guestion of physiclogiead
Epecinlization in o primiively siugle system. The vessels earry
the mobile wandering tissue cells (white corpusclea) £ f ER
and the nonmoebile oxygen fixing bodies (red corpuscles.
A ER OFf these two duties the hOrst is the more anecient
phyaiological role.

The primitive vascular systein may be constdered ag one
in which only white corpuseles and fluid plaswa moeve through
the body in a series of tissue spaces—a primitive Iyinphuiic
system.  Then in phylogen¥ & respiralory funclion is dem-
anded of circulating fluida and there are added axygen carry-
ing bodies to the stream. [ the lowest vertebrates TFHETY
) ithere is euch a systemn—a lymphatico-haemal cicealation.
Finally specialiration leads to a separation into wmore or less
scparate enfitice.  In the etubeyo, no matter what their aduli
condition, all the peripheral vessels are developed alike as
tizane spaces which sfterwards become eontluent and form a
contested srsfein of channels,
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The chanuels ramify through the whole body communie-
ating freely amongst (hemselves and at a laler stage com-
municate with the centeal pulsating organ (heart) of the
cireulatory svstem.  The solid constituents of the blood are
developed nminongst the tissue spaces and for a time the
contents of all the tisaae spaces (o matter whether destined
to be arterics, veins or lymphaties} are the sume.  That s,
the Ivirphatic ehannels of adult life containin early cinbryonie
lifo both red and white corpuseles.  As sonn as the glage o
embrranic RES tile is reaclud when there is definite niotion
givin to the Hoids, a eliange arera in the contents of the
channel which are ultimately to become lymphaties, The
eontenls move on towards the eontral pulsating organ of the
eireulstory syetom and red miud white blood corpuseles flow
to the leart hoth Teom the veins and lymphatic ehannals.
Both sets of corpiseles paz< out again along the meshiwork of
tissne eells alestined to be arterics. Buat alfboush the red
cells find their way baek feom ihe arterial meshwork to the
venous neshwork they ave pever able lo negotinie the Tiene
spaces LBetween the acievial nwshwork and the Tvimpimeios.
The wmobile white eells and the plazioa may vebirn by
Irmphatie clannels bt the rod eells having onees pased to
the beart never agsin tind their war Lack to the iviophaties
fronr the terminal ramidfications of the arterind choannels,
The veins alone are alde 1o arbaic abl three elenents of the
blood by uitimaote radicles In tissue spaces,  When the carliest
stage of Tvmiphaties ts passed they cease to e Dlood yessels in
o ostriel 2rnae,

Lymph llows, {herefore, semdralwards incthe Ivmplaties,
wihile biood flews centralwards ba the veins, and 1o s way
the two syateins have become 10w eerlain exfent separate by
gpeciali=ution,  But the conmeetion between Ivioplinlie aud
vonrms eirenlationy 3= oped Lhcdted to the enlranoe of  ghe



—_ 42—

thoracie duct into the veing at the root of the neck. Late
discoveries show that the lympbaties eommunieate with the
veins at manny other plaess,  The lnphaties may e regarded
as heing o part of an older cirewlating systen upon which the
newer ong has been grafled.

It differs Irom the venous system mainly from the fact
that corpuscles which enter intg the veins are debarred from
finding entranee iinto its terminal vamiileationa, AL vuseular
{vesscls) chaunels originate in Ussue spucees and arc at tieat
plexiformn  and from this plexus the adult channels are
forged as development proceeds, Some antimals, (the leruurs®,
have a plexiform arrangemeng of the limb avteries as in the
adult.

In the arm, this primitive arterial plexus WHARE is
situated in the midst of thwe limnb and follows the eourse ol
the median nerve.  Tn the adult condition thal channel has
been modified by tiw development of side branches which
dominate in impertance the older central axis. The adult
axillary and brachial arteries represent the primitive avterial
syaten as far as the elbow joiat, bul below the elbow joint
the primitive channel i3 dwarfed by the developement of twe
new channels, the rrdial and wlnar.  The otd chanue!l per-
siats in the anterior interosseons artery wltich runs between the
two bones of the foreann and in the arteria comes nervi, or
medisn artery, whiclh wiheres fo iz old eourse along the
median nerve.  Usually the median artery is an ineonsider-
able channel which plays no poaet in the blogd =upply of the
hand but it may persist, in a primitive fort, a3 a large
vessel and way eontribute to the arterial arches of the palo
of the hand.

The radial artery {from which the pulse s felt) and the’
ulpnar arteries are bothh new chanuels.  In the paim of the
Land they forn the anastoanatic arches from which the
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ultimate arterics are given off,  Tlore are usually twe arehes,
superficial anc deep. The superficial arch lies superiiciag
to the long {lexor tendons and is mainly from the ulnar
artery, the areh is completed by w small radial artery branch
{arterin superficinlis volaris) . The radizi branch may be
missing, then the arch i= incomptete on the radial side, or,
some branel of the radial to the forefingers or thumb, or, the
welinn or Ahe intercsscous aviery B FEER may join the
wlnar in the pudm, Usaally fonr digital branehes frome this
wreh go to the four ngers.

The deep areh les on the metnearpal bones and the
interorzeous nmgseles, below the other museles of the hand.
It is made up of deep branch of the ulnar mecting the main
branel of the ratial artery which enters the palm From be-
lind the thumb. Az o rule three interdigital beunehes arise
fram the arch and run to interdizital elefiz [ % and there
Jnin with arterie- fromy the soporficial aveh and  supply the
adjacont sides of the fAugers. The digital arterics run with
the digital neeves along the sides of the Huger supporied by
Cleland’s ligawents and beoeath the fevminal pals of the
fingera the acterics of oither side anite into a emaplex tereo-
imal ann=tonees=i=,  Thore are athor arierial branches 1o
bt less, Jodnts, Deres, aned tessues of the handd,

The primitive veins of the upper ol were more pdoexis
lerenn sand mowe Lortigos than fhe arleries and are often very
variable in distribution in the adull. Early (o minbevonic
fife the weina of the upper linnh eonsisl of preaxinl and post-
nxial mwarginal plexuses which run along the superlicial asprect
of the two borders of the I bad,  OFf theze two the pose-
axial, or ulnar is the largest and o=t Tvaportant and is
phylogentivally the oldest.  This isthe primivive vein which
in the adult composes the brachiol, axillory and sabelavian
veing, The radial side (preaxial) iz found in the cophalic
vein, There are deeper venous channels with the areeries,
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The adult superfifeal vepis i belween the skin and
deep fascia and are of greater extent than the deeper veing,
they are mostly on the dorzal and few on the palmar surfacea.
On the dorsum they start as eomplicated networks around the
terminal phalanges, from this two vessels emerge and ron
along the {we sides of the dorsum of the digil and are con-
nected across the digié by eross channels. At the intendigital
cleft the superficial veins join with deep veins, thenee across
the dorsuwm of the hand to the wrist,  As role o loge and
distinet charnel minz aloog the wloar side of the dorenm of
the hand Prom (he inteedigital eleft between the minimns
and annularis. A belicE in a parlicnlar divect channel feom
the veins of the httle finger of the left hand to the heare
comes from the dark ages of anatomy. This voin beeomes
the ulpar vein eommunieates with deep veins at the elliow
joint and then becomes the basilie vein. This is the old
blood letting vein “in the right arm hepadie or liver vein
because it i3 opencd in liver dizeases™”, on the [eft ““lienaria
B® or spleen vein ag it is opened in disrases of the spleen™”
The basilic becomes the axillary.  {On the radial side the
plexus becoires the ancient cephalic vein, now the radial and
it joins the axillary.  “Cephalla®’ beeause it was opened in
dizeasea of the heare.”  Veins of the palot aee fow and oin
to form the niedian vein, at the bend of the ellow it oinswith
the deep veins and o large trunk i formed which at soes
divides into the basilic and cephalie.

Beep veing of the hand claster aramud the arteries aoil
are called (venae eomites), EITHEIR [n the puln of the hand
they arc very numerous and give licree hleeding in operation,
This 13 due in the hand {as in ihe sealp) (o the denzity of
the tissues with which the vessels are surrounded and they
prevent reirnetion, contraction and elesare of the eur ends,
Thes veinz are aried deep benenth the paloar fazeia. The



deep veing are buried deep beneath the palinar fazein,  The
deep veins commuricate at the base of 1he fingers and at the
wrist with the superficial veins and arc eontinued to {he
clbow as venae eowmwiles 1.0, with the arterics.  They there
again comumunicate wilh superfictnl veing and again join the
artevics and eud ay the axillary vein,

In the hoand, forcarn and aron is shown 3 general
prineiple the same az in all parts of the body, viz:—when-
ever veing run in the midel of ausele massex they always
aesline plexifonm nsluple ond incompletely valved channels.
The wenpus channela around the brachial artery ave not a
dizcrete branch or branches bt are o 1maze of pathways that
enpesl the artery,  Therefore i tying the braehial artery
ane linds an monging nuniber of vessels frome which biaod
arzes oul. This veeurs in o nss of wuseles, But where veins
are Free from muscles they exist as diserete single aml valved
ehannels,

The reagon of thiz arrangement is a highly spocialized
wilaptation for the purposc ol scearing the return of venous
Llood fece thae Ll When movseles eontract they aqueese
Bload fromy veins 1o their midst and press it onwards in the
digerete and valved channels (o provent bloosd  returoiog
fram itz source) which cwnerge froon their wwssex, The
maseles of the hand squeeze blood Lo wore ov liss diserete
veing at the wrist, the wscles of the arma press the blood in
the venae eosites o the valved axillary vein and zo0 to the
gulrelvian and the Leart. The heart musele pomps the
blood along the arderies to distal poarts und the blood is return-
ed along the veins by the ansele pumips of the Jimbs.

Theze liml pu:hpri are arringed az a series of syringes,
each pressuee aren passing the blood theemgh valved ehannels
to the next pressure area.  This svstem s (urtler adapted
{physiologically s Dy the soperficial and o oqr sel ol veins
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which eommunicate in the infervals befween musecle masses
e.g. near joints, The superficial veinz of the body are situ-
ated outeide the ensheathing fasein of the museles and =0 are
shielided from musele pressure and they are disposed in posi-
tions where external pressure ia avoided. The deep veins of
the palin are many, the superficial are few that is, where
pressure may be great the veins are many, where lLittle pres-
sure the veins are fewer, In prolonged pressure of musele
magges in Jong sustained musenlar effort, the deep veine are
subjupated to nmiuch pressure and the blood is pressed ta the
superfigial veinz. Thuz an alternate route ia offerad to the
blood at every interval between musels mosses ez at elbow
and wrist, i.e. at joints.

The deep veins are aupported from averdilatation hy the
muscles and by the elastic stocking of the deep fascia overly-
ing abd surrounding every muoecle, bnt the superficial veins
have nol this support. When the ann iz in & gquiet state
(hanging down at the sicles) the blood gravitates and the quies-
cent veina in the muscles are filled with bloed and the super-
ficial veine are engorged with blood as well,  With returning
activity the miuscle pump of the liml ecomes into play and
the return of blood is accelerated. Tt i3 to be nofed as woll
that the opposite condition of long continned muoseular effort
produces engargement of enperficial weing by sustained
presanre on the deep veina.  Thus it oreurs that two opposite
conditions may lead to an extra burden of venouns blom] in
the superficinl veing and Lthuos in the lower limba produce
permnanent dilatation know as varicose veins.

The pressuve of valves in the veina of the forearnn mny
b egsily demonstrated by placing one finger over & vein on
the dorsum of the hand and so prevent blood from flowinginto
it from the finger, if while this is being done, the vein be
epinptied by running another finger along it towardas the



— 47 —

elbow, it will remain empty for an interval; the blood being
tushed up beyond a valve prevents the vein refilling from
above while the preszsing finger preventa entry of blood from
bolow,

A e b e e —ear

LYMPHATICS ¥k,

The lymphatics, like the wveins, are thin-walled,
tortuous and valved channels, but sinee the contents
are colourless the ramifications in the tissues are not so
familiar in anatomy as they are in pathology. At intervals
Ivinphatic  vessels are in  connection with lymphatie
glands.  Lymphatic glands are vsually sitnated in what are
called quiet spots of the bady, none are found in the hand,
wrist or forearm until the elbow is reached and then one fo
three glands are found over the inlernal cpicondyle PIRE
of the humerus. Large numbers of lymph glands in the
axilla, € others usually small and inconspicucus are ocess-
gionally found in the intermuscular interval between the
pectoralis major and the deltoid where is lodged the eephalic
vein, The next lyinphatie glands ave foand above the clavicle
at the root of the neck. In addition to these superfieial
Jymphatic glands there are found (few and variable in size)
lymph nodes along the course of the artery in the arm.  Asfor
the lymphatic vessels, a general rule for the whole body, that
superficial lymphatics accompany veins while deep lymphatica
accompany nrteries, hold good.  Deep lymphatics accompany
all the arteries of the hand forearm and arm.

Cataneous Iymphatics compose A maze of anastomotie
channels which surround the finger, run on the palmar and
dorszl suriaces of the hand and weave themeselves into varioua
Imnphatic pathwaye which follow the lines of the superfieial
veing,  H (herefore comes about that Ivinphaties from the whaar



side of the hand follow the course of Lhe vena salvalella and tie
basilic vein and so connect with the "glands w the interndd
eptegndyle P B4R of the luomerns,  Lymphaties Irom the palmar
arface run with the median and cephalie io ihe axillary
glands and the bulk of the dorsal ivinphaties follow the snine
eourse but some channels do oot end in the ardfioy vein far
they ron in the intermuselar interval hotwoen the peotoraliz
major and the deltoid with the eephalie sein, and following
the primitive course nf the vessel, communicale with the
gland: above the claviele,

The Ivmmphaties which {ollow this sourze are mostly
those derived from the dorswn of the thunt and index
finger and although therg ia no real selentifie belief for the
-old established idea that wounds of this area ave linble to be
followed by grave consequences, it i= cortatnly brue thal the
Ivephatios frenn thie dpaaded arsa of the hand ran o longer
courge free of the intervention of Iymiphatic glands than any
ofther vossels in the forearnt,

THE MUSCULAR ACTION OF THE HAND:

T ihe study of the muscles of the hand we limit
ourselves Lo o atudy of skeletal, slviated, or voluntary muscles.
Tihe sleietal museles have always been Koown as voluntary
mameles slnee they aee said to be muder the centeol of the
will, o siudying any imdividual sleletal gzele 1hiz needs
delinition e.g. supinator brevis (o (vpieal voluntaey masele} .
We ay know where i1 32, what # lonks Hlke, whatb nerve
supplies i, bub there i3 po power of the will to send an
tmupulse along the nerve and make W contract. [ 0= nof
under the eontrol of the will as an entity, the wili oot
make it move.  Before we can make a voluntary mmusele
e ractinn of the supinator brevis we must know  wlhat
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aclion it produees in the body.  From its cdisposition and
a knowledge of limitations produeed by itz paralvsiz we
conclude it acts in supinating the forearm.

The act of =upination of 1he forearn in ander conbrol of
the will anad in tius action the supinator brevis takes a part,
it arts in volmtary movemeut and only to that extent is it
voluntary, T s the movement of joints armd pards and vot
action of nigzeles whiel i volantary and under econtrol of
the will, “soroments not ninscles wre wader eontrol of the will’ .
In the grov maoller of the motor areaz of the brain are
represented the movements of the body of whieh the animal
hag a pictorial knowledge and it iz from these corttieal arcas
that those congelons plietored wovemenis are iniliated,  We
can will by an effort of the cortex thoze movements of which
we have o eonerete and conscigus coneeption,  Buk there are
othoer movernents of whieh we have not o eonevete mental
picture and these are indiated nol by e cortex bt from
hasal gangiia of the beain, T earrsing out thesc tnovements
the non-strinted or involundary mvseles are largslv coaployed,
and these mu=cles are involuntary not beeauze they are in
themselves less under the control of the will than are
volantary are=cles bl because e miovetnends they performn
are not the toovements of whichh we live a full piclaeed
Lnowledge, which ave ot vepresented u Ahe covtex and so
are not under conteel of the will, W linve o definite pisture of
the netion of hemding the finger, thi= s initiated nfhe corex
and therefnre s under the condrod of the will.  The muselrs
which produce the bending are suid t e soluntary wnseles,
W have no picture in the eortex of the closing of the priorus
EgPY of the stomack, that aclion & nitiaded from a lower
cenitre and i3 therefore pol wder conirol of the will, The
musckes whiteh produes the elosare are =aid to be involuntary

tnaeles,
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But in several involuntary acts we have no ecarticul
picture ¢.g. sncezing, many of {he o calted volunfary muscles
play a part.  Sneering is oot hubtaied in the cortex and the
netion of the voluntary museles taking part in it is determined
by lower centres. Now suppose & dsmage to the mofor
cortex destrove an arca which contains the action pattern of
a voleniary movement in which o eertain voluntary musele
acts, then, this action cannot be performed and the muoseles
which should produce it are “‘paralyzed.’” But some of
these museles may lake partin an involuntars astion as some
of the mus=cles attached to the armn do in sneczing; then when
the inveluntary act is performed, these museler, which are
coanpletely paralyzed for the voluatary acl will contract in o
perfectly nominal way.

A wvoluntary mnzela may therefore be paralyzed for a
voluntary or pictured action and yet be free to act in an
involuntary or unpictured action, e distinction befwern
invofuntary ond voluniory niecles @ thevefore, rother one of e
urtians tn which they nre enrploped than of an artund churasteriste
of the menecle slaelf.  No part of the body displays the funclion
of the voluniary wuscles belter than the hand, for no other
part has a preater range of purposive volunlary moveneits.

A muscle ia a eontractile mass of tissae wilieh is fixed at
two extremes to some firmy strueturea e.g. bomes. When a
musele acts it is usually so placed anatomdeally that one endd
i relatively fixed, and the other iz free to move,

The end that s refatively xed during action is termed
the origin and the free-fo-move end the insertion, Thus tle
Hexors of the fingevs have their origin in the velatively fixed
forearin or arnn and their inssriion in the moveable bones of
the fingers.  Buat the terms “origin’ 8 wud Cinsertion' -
cannet be wsed iu any hard or fast moaoner for the fixed
exteemity in one aetion may be the free end or moveable
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tnsertion in anoilier anotion; the reefus nuscles of the
abdomen ay pull the pelvis 224 up towards tle ribs or
pull the ribs towards the pelvis, depending oo whiel end is
“hxed.” More than that, in ihe ordinary physiological use
of parts Lhe noving paind of a nscle in the upper extremity
nlay be the fixed poiut of the corresponding muscle in the
lower extremity.  In contrasting action of the mnseles of the
land and foot the use of the terms Vorigin® and ‘in=ortion*?
runy lead o great confusion.

When a eorlieal avea sends forih o volitiom for per-
formanes of a definite movement, the museles whiel prodoee
the mwolion may e designated grime movers, cop. when you
bend the wrist, the flexors of the wrisl are the primd movers,
the gripin of the prime nwovers for this aclion is in the
arm, the ingertion is in the band. Cerlain laws govern
the aorion of wll prive movers:

(1) Save in cxerptional easez, snd then there is only
slight movement, an individual mosele does not act alene in
response to an act of velition,  Movetent 35 the netion of
pttscles working in groups. (e, muscles are not represented
on the eortex, but movement is).

{BY Ia life a muzele doez net neeessavily Jdo ns oa
dissceted one decs.

{2 In life, a masele acting as o pritue mover Joes not
necessarily do bl {he actinns i6a Dres perant in the cadoaver,
Wihen a musele can perform several netions it oz o rule,
produees one of these in o living subject when acling a= 2
prime mover st ity other actions sve cvoked when 1 acts
oliter than as a prine mover.,

(D) When o movsede 12 capable of producing oppostog
weveinents 3 dees not, as 2 rule, perfore these {wo or wore
movernents when aoliog o5 a priooee mover in e, Hou=oally
prodiuces one as 4 prioe mover s vhe other when aeting

el than as o privne nnver,
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{ £} A muscle acting as o prime mover will not do ils
work if gravity will do it inslead.

{F) A muscle need not aet as a whole to perform minimal
effort, as more offort is needed move tibres are brought into
play, becan se,

() Every inusele fibre acts to its utmost and only
sufficient fibrea are called into action to perforns the demandad
tasl,

Frisme mavers o not aet edone; for their stimulation by avoli-
ftion beings ahout some change in the museles which produces the
opposite moventent,  These opposel museles are then zaid to
act a8 antagonista, BT c.z. the flexors of the wrist ave prime
movers 'in a volition fo move the wrist towards its palimar
aapret, the extensors of the wrist are the anfagonists in the
ac.ion,

Practically every musele has an antagoni=t and in action
cuch undergoes changes of some kind.,  Natueally, when o
prinie mover eontracts, the antagonist relaxesand is moved,
bur,

A Inmovdinary muaele action the relaxation of antagon-
ist tinseles i3 not simply passive inhibitien of action for the
antsgonist function ag a controller and regalator of the prime
riovers. It steadies the part moved and gives precision to
the action,  The greater the niccty required in the action of
a prime mover the move active thiz anlagonistic aetion
brocomes.

B: Tlig action of autsgonist disaprears where opposi-
tion to prite movers is great, they then are passive,

¢:  In unresisted selions in whieh gravity perfornos the
task of volition, the primo mover ecazes to aet awd the an-
logoniszt talic a part in tle action of paradox. cg. wiun we
bend the trunk backward we pull upon the spine with the
ereclor spinae musctes, they are the prime movers, but the
erectar spinae muselrs only sl np to o point at which the



trunl 35 titted definitely backwanls andd gravity would conpliote
the aet, Tle recti ootzeles of 1he abdemen ace the opponents
{antapouists) to the erector spinae, atnl these relax az ovector
gpinae contract but when graviiy takes charge the ercetor
spinae 10 elaze act and the vecti begin ia conteaet,  They are
e only museles aeting sond tles aet to provent the trund from
toppling bBackwprds. When Lack Levding of the trunl is
npposed by an out<ide Joree they eeaze to aet and the erector
spinac eonfrget agatn. This i= o slople case and in othier
caees this aetion of paredog may be very aomfosing, T ihe
moevement of the fimbs in wlieh gravily is invobverd fhis
action must be held in wmind,

Dy Ankagoniats Like privee movers are exlled inko play
in & regalar ovder as the teod Dor ariion arises.

Syrevgee JRF1 netion ol miuseles: 17 volition diveets a
perfarmanee of o acrtain inoveraent and 07 fhe mnzeles ealled
upen Lo perfonn it are capalile of pradueiog ol ber moveinents
net ineladad in the valition, then otler nooseles witl be cafied
LTa1y 20 eoumterant the production of waedesired 1oevomnents,
oo i we wish to speead 1 tlaoedy spart Teenn Uhe rest of (e
digits wnd pull i6 o« foe dowwrds the padial =0de gz pos=iite,
wi cinpdoy Giee Do alnueting amd extending museles of the
tharnd, bac these woseb 2 pass over the codialb <pde of wrsg
juint {o reach e thioash their condracticon ean alzo puldd e
whole iand to radial side. Thi= Led aclion i< vod g parl of
thie volition amd o0 perinditod woukd somder the desieed actiom
leas efeetive.  Luodg tlerebore weccziary o eoanteraet jhe
aetionn of the prime movers o radiol deviafion of the Jeond
and for this purpese the mnseies which padl the hand o the
aloar side are eoavteaciod G keep o stomds . Flie uneonseinzo-
eonlraction of these svieesbe sniseles son=tisutos 4 pace of e
nictirosngsetlar negivily peoessney for the proaper porfocanes
nf Lhe acl of volition,

The abinve exannpde S oeasy do Fallow foe, 3 the Hesor ol
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extensor earpi wlitaris be palpated, they will be found to
contract every time we abdoct the thuml as an active
\’D]:Illltal'_‘p' movement,  The laws governiog svnergie museles
are practically fhe samie as those poverning the antagoniat.

{A) They arc not called upon to act when the action of
the prime movers 18 winimal.

{ B} They are called upon toact in o definite order as the
action of the prime movers Lecomez niore powerful,

Firatinn B ® Muoscles may also act as iixation muecles,
this i3 often similar to aynergic action but it is a distinet and
well marked type of muscular action.

Lf we wish to do an act of precizion with the fingers we
call into play the prime movers of the action, the antagonists
B I exert their regulating control to the utmost, the synergins
prevent undesired aclions of the prime movers,  JBut as the
buginess beconiea more exacting the fixation of the hand be-
COMIeS NEeCessary, fixution of the elbow may be neecssary and
wlen 2B of vur Tattention is needed for ¢ delicate act which
may require but o iiny ninscle for ita aetive performance wo
max, in fact, have to employ a lot of nuscles Tor the im-
mobilizatton of partz, the movemnent of which, would hinder
the desived act,

One group ol ixationmuseles is of intercat from the polnt
of view of man as a zoological B +pe. 1 oue is sitting
comnfortably in a chair with cibows resting on the arae of the
chair, it will be noticed (hat if the elbows be preaged down-
wards towards the side, the reetus muscele of the same side of
the abdomen at onee roes Into econtraction and that (he
abdmninal moselez and the muascles of the loin barden. A
very slight move of arm will evoke a respoase in museles from
riba to pelvis.  This action (Axation of ribs} i3 evidently to
allow the museles Tron the vibs fo arms (o set to the best
aidvantage,

[Tere it may be that & ep-ordinated masenlar action



speeialised Tor elitabing, as the arm rib aauseles are the ehief
agenis for elimbing, and 1t may be a reminiscence of the time
when the act of pulling the body upwards towards the arws
was one of the fuuctions of the costo-Lrachial gronp of muscies.
This iz a suppozition, not a proof of this action,

" Most museles thetefore may act; as prines moverz, 20
antagoniztz. 3. =vaergies. 4. fixation museles, Tvery
fndividual pouzele iz therefore ealled o play in iany wmore
voluutary acts than those vsialiy aseribed to it when only
ibs prime moving fonetion is tnken into consideration.  The
lower central incisor and the last upper wiolar tooth engages
the biting surface of two other teeth, The loss of gne of
those 1s not only a loss of ane tooth of thirty-two bat it ima-
pairs the action of two other towth. 8o, the action of muscles,
The musel: 15 not only o contracting agent which produces a
definite action,  The Ioss of a musele is el not only beeause
its prime moving aclion is gone, but becausee museles perform-
ing several other astions share in the loss of @ toeanber which as-
sizt theiractions as antagonist, synergic or fxation musclea,

ABNORMAL ACTION CF MUSCLES,

The cortex reglators movenents and any musele thaf can
e uzed in carrving ouc {ihat mation is ealled upon o act.
If the prime movers of action are paralyzed, then any available
musele that can reproduer this action, will be called upon.
In this way =ome uncxpecicd mmseles may be trained Jor
actton. A patient with paralvsis, wmay edueate tit=cles whose
neeve snpply 15 not paraivsed, to perforn movements very
=itnilar to those of the paralysed mosele,

Againthis re-edlucation of museles is execedingly exacting
and one should nnderstand the actions of individual 1nosecles.
It way be bat enitivation of trick actions of wueeles neyver

viaralvaed,



— B —

THE TENDONS AND TENDON SHEATHS
OF THE HAND.

(See Tandons)}

The tencdons ave the fibrous non-contractile  fissues
developed in rontection with  eantractife mn-=cles  whose
functions demognd other than wasele elastioliy and eontrueti-
bility.

Tendons are developed whertever a musele changes the
direclion of itz action or takes a turn around somwe pulley
e.z., in the omo-hyoid, the digastvie, soperior obligue masele
of the exe, and in the tensor pakari, ele. They are alzo pre-
sent upon adjacent surfaces of woselea wherever muely ghding
of muecles oceurs, e.g. i the vazios externos and sodeus,
Tendons also gcenur, agin the Liceps, AR where il remams
tendinous until relicverd of pressure of the overlying peetoral
BET muscle.  They are also present in mus=cles conspomaded
of wmultiple norphologieal elements ez, in semoental mus=eles,
as the rectus abdoinali= BEE P, storne-hvaid §8 &, et

They may e degencrated parts of sooseles which are
unimpartant.  Muesele tendons amed fazeia represent dedinile
siages of degenoration.  The palmaris longus is demidine o
beeome less leshy aod (o have oore teodon (han eontractiTe
inusche, and ibs tencdon is hecoming more or Less faseiad as it
deponoratos,

Muazeles with nogelvtendon ane recarded, generally speak-
ing, as passing into phiyvlogenedicsenility . 3usedes with mueih
tenddon are most ditleult to rostove o fenetion afier injury,
Tencdots of iozerlion alford fiom union Detween hone and
gEele, it withn Hee celiond they ave a deviee for intereasine
power to the musele,  Alsotendons {central) aretators me-
thient of aehicving the aciion of a Ligge nowber of shore filipes
inatead af a Tew fong ones. To powerful and lage mouseles
arising froon several bony painds, the tendons serve tooeen-



centrate the action of the whole mass of wusele upon one
definite point e.g., the triceps of the arin arvises from a4 large
areq but it 15 coneentrated npon the olecvanon by o discrete

tendon.,
Again a musele anising from a conflned area may need

to exert its foree over a wide serices of bony parts, this iz done
through multiple tendons e.g. the extensor cotrmunis dig-
itorwn arises froma a simple mass at (he radial condyle of the
Lutnerus but it is regoiredt o act on four digits, and thisis done
by four tendons.  Tendons may therefore be developed either
to concentrate or dissipate the action of a contracting mnscle.
Wihen o fustforn muscle contrasty, its two ends are approx-
imated by a shiortening of the total length, thus the two bony
parts to which it is abtached are drawn nearer {ogelher, e,
when the gquadratlus fernoris contracts it pulls the femor
directly towards the tuberosity of the ischinm 2488

Bui ihe action of inost niuseles is not =0 shniple as that,
kies, [or the most part, in lmb museles, the approximation
of louy parts is brought about by angulating tlwe L ut the
joints.  The musele siimply  approximating bony parls s
usutally o simple mass devoid of (endon exeopl at its at-
tachiuents. When the mtscle action eauses angulation of
parts ond 8 turn or kink in its axis then the tendon enters
largely into the resubt sinee the tendon will transmit the poll
avress the Rind or bendd.

[t is eonmnon therefove, in parts where joints {i.0., where
kinks or bendseeur) are one or mere, asin the hand, that e
long muscles pass to the parts alinost entirely represenied by
tendons. The teudons on the hack and front of the hand
show, not only the need to spread out their wmusale foree upon
{le fingers but alzo the fact that the muszeles are acting on parts
wlich owing to reveral jeints are constantly bending. The
wrist 1ay be bent in fwo dircetions, the hand may be bent
tonwards the pal {Hexiont, or benl towards the kwnekles



- . :}__‘i g

(extension}, of Uwse, the exion i froor swd ean v enrrsed
further,  The fivgers cane e hent towaeds 1he palin at theoe
Jaintz, the mweiaearpo-phalaogeal amd the (oo interphalangeal
Sadprg thov et T Tent, fo et people,  bervoed the
siraisbl Tivee of exten<ion,  The tendens of the Hexore
ok the extensars are therefore vors differently sitoared o the
tizgers, forc, (he extensors nerely peed o e beld steady teross
the Lunekles while the Qexors have to be boaaed dowa to abe
joints fromy which they terd to part eotopany az the tnwelos
cotrtrach, A the wrist, b Mexor= el cxtenanes are 2ubjeel
tn the smae conditiong sinee el ame eapable of prodaceing
angnlaetion,  Flerein connes the Dapebion af soonslar Dgament =,
An oanoualar lgament = oo Toselal aling whicly 14 ddeyelmed
wherever a tendon needs o be ound tnto place aver o dodi
which is rapable of being bent at an angle, therefare, theee (s
ai e Dgamenl nver both the flexors gl extan=nes ot
the wreist, but oo sucl Hgamens i= over the extonsos tendons
on the doram of the Hogers bocwuse the Bngers de nat angenlane
ot bemid dorrally, therefores, it weubd nat Te of e

Wherever o tendon e redained byeoo Tibeons =l unctey
wlhich it glides, it will bueve deseloped arorane G ow 2pecin
shoath ta facilitare fhe glhlingg, This =il avaovial st
of the teodon,  Facely termbon will son fooa oonene] which =
stirrotindhad Ly oo fioe glisheniag menvhrane Conoviad inen;Lirs
aned ) PR wlitel seeretes o labricating fhaid for the tannmel
srod tenden, Tt neay Teosuicd, u<egeneral rude, At feqadons will
Iave synovial =heaths wlerever they poes over joints whicl
ean e bent at an angle, bat tendons (hat merely siraighten
pares baek Teonn a heni pesition with e angaliion, Tinve 1
1 lamse ghead bs,

The retaining Neareents for 1he Besor extensor fendons
are kooen as the anierine and  pesterior annulay Hgaoment
aned are specinlizged deep Foveoine These arve naburees”™ wevist

Tundagrs.
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The posterior antular Hranent across dhe Jower ciuds of
the tadivs and ulna i@ a tunnelled steap throngh which
the extensor tendens pass, The extensor carpl ubrss tendan
has its awn tonnel atd sheatli. The extensor proprius
tinitnd sdbeit tendon olso lms e tounel and sheath, The
extei=ar proprios ligitorun comunis ol exicn=or indicis
propring peesing aver the sulins share a2 conunan srnovial
ghweatl, The exten=or pollies longus has its own tunnel and
<hiesd . The extensor carp] rodisliz Jongus and brevis hiaee
aeenuuen heath as de the extensor pallicts beevis and ex-
ten=ar oz=ix nwtararpl pallicis. Fach of the extenzor tunnels
i<, kb part, a bony groove and iz, inpart, [bseial. The synavial
shenths of the extensor tendons are not oxtensine and they
cind, olove, Just feyend the posteror anealar lgaeend ; aad
oy, us oo rinde, b Bl Biees of the toetacare el bones, The
shoath of the cxtenzor propritg wadmi Jigitl & egoinonly
eatrrieod Ulae Paedluwegt on thoe back of 1l Jiand.

The anterior annular Ngansent Lridees aver the bBoblow
al the front of thie weists, being attacled to the prosinenees
of the trapeziu BF P and senphoid B4F on the radial
sideand ta the uneiform 848 aod pisiforn @HE on the
ulnar side, 1 forms a roof of specinlized deep Tazcia for a
curpml tunmel waede by the trangverse wrch of thie earpus and
theougl this tunnel the flexor teavlons passs Inothe twined
are twr e e lawend=, one for the foue tendons ol the lesor
digritoran sublings and the two diferentinded portions of the
Hexer ittt profundus; tlie other synovial cnnpart-
it being o sheath for the tendon of the flexor polijeis
lemgu=,  The tendon of the flexor earpd radialis Ty s own
heath el wdse o separate tibrous tinnet ona deeper plane,
while the tenddon of 1he exor earpl oloaris inserted farg 11
pi=itariy, bas no tunnel and no synovial sheatlr,

The znevial sheaths or the lexor tendans are far o
exton-ive i those For the exlensor tendoms: ynder the st -
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rrior annar ligatuent, Pl synovial spaee exlends above
the upper edge of the anuualar lignment as Far as the upper
crease line on the lower part of v forearine, whilst below the
lower border it spreads oul into the palin in an extensive sae
called the pafmar s, TENEEE Thix bursy extends into the
Land as far as the middle of the palm. Ui the ease of the
index, mediug and annulariz, the synovial bursn ends at a
line at the oatsteetelm] {hani,

In the thumb and Little logee we mctee vpal bones ave
mohile, the play of the teadons moee Cree and the sviovial
sheath extenils along the tendons without intervaption.  The
Hexor tendons do not Tie absolutely free within the paloar
bursa bot are attached to ivs wall by a Hoe syoovial moengirane,
There ia an alimeost exact parallel to the suspension of the
intestines to the alddoniinal wall by (he pesentery. In bolh
cases the funetiounl end iz the same, for, the nxioiom of
mobility 19 aftained and, at the eane time, aboned naeintabed
for the blood vessols to follow,  This syneviad sheath of the
saperficiul and decp flexors af the Dogoes s alsn g b L
radial side of the paluar buesa while the flexor podbics oneos
iz attnched to the ulnar side of the 2oro00s spase. Althouel
the aaes for the index, wedius, and aloafaris end at the horder
of the transverse Hgament, they ngntu Depin as fhe Gendons
pass inta the fugers.  The ftexor tewdons are bound down
to the iexor surfaces of thethree joints over whiclh tluy puass,
Ehis s done by a fibrous tinnel whiel careies e tesilons
over the three jointe. This tumwel s the el sheoark B B
on theen and is lined Ly syoovkr amd enntains o lubieating
flnid. In each theeul shrath, exept the thumb, there are
twa tendons, the deep and soperfieiad flexorse Do the thamls,
i= 1he single tendon of the Rexor pollicis longus which oeoupies

“ihe sheath from the forearin to the terminal phalanx.

Within theas sheatls the tendons are again suspendaod

froms e deep wall of the sheath to dhe baek of the teidon,
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these partial suspenzions arve salled vincwdy lendinem ERER
and carer blood vessels.  Apart from the binding down of
tendons bv the theaul sheath, the arrangeoment of the tendons
theniselves tends towarls this functional result. The flexor
gablimus acts as a sling for the profundu: and thiz Tavours
retention during action,

it mieht grem that for the three joints fo e noved, Dnetoac-
srpophalungeal, proximal distal and interphalangeal) and
three museles to move them (the ohaolete palmaris longus,
fexor sublinms and flexor profundusi the simplest plan would
be for the miost superficial musele to aet upon the distal joint
and the deepest on the proxinal.  Aan opposite plan prevails
and the decpest muszele acts on the distal joint. The advan-
fage 15, as each tendon iz nseried to the proper bone, it forma
a refontion boud for the tendon passing over to the next
haomne.

The behavior of the perforated and perforating terdans
t= most welmivably beantiful, effieient, and swooth in work-
ing.

Practically, the theeal sheaths form tunnels which, if
infected, provide free passage tor the inflaniwation. | 1n the
thanth 1he tendon ends at the baze of the distal phalanx
hence infection of the palp of the fager does not effect the
abeath vuless it extends to the base of the phalanxe,  The
palinar bur=u varies soutewhat but, asa rale, it eommunicates
frecly with the theeal sheath of ithe Little finger and an infln-
mwiation of Lhig {inger extending to the base of the terminal
phalanx is aapable of producing fur wore mizehisf than a
glmilar comdicimg of the indes, medias wnd aunalaris as their
sheaths end at the mictacurpa-phalamzea! joini. It oecas-
sionally happens that the flexors af the ladex, ke the flexars
of the thumby, have w synovial sheatl of their own i the pulo
af the bl
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When inflammmalory processes invade (lese sheaths anet
frack along them, il §s necessary 60 viake free ineisions 88
into the sheatls to permit of thinrougle drainago.

It is easy to use a knile and make free and easy ioelzion
along the middle Hne of the Anger, bt there ace two desabilit-
jies to be borne in nind :——

1. Dizability oeccurs when eear tiseue develons af vight
angles to the notwsal Hexare lines of the fingers, ihis i
importunt o rerueiber inoan organ of such conslant s o
{he finger.

o If the bouds which permally old the exor tendaors
down in their passage over the points are sovered Lheres will
be ann cnlire disablity io tlhe staooth working of this beantifnl
meghanizm.  Incisions must be sufficient hut ot so ex-
tensive as to make disability owing fo the destroetion they
hove cansed, IE iz a question of applyving skill with an
anatomical knowledme of the pavls 2o that benefit, not dizubis
hity, will oceur through the surgeans inderference,

THE FASCIAS OF THE HAND,

Faszciaa mar be desevibed as tissues of low erpanization
which remain nndifferentiaied wlwa otiuwr steuetyres gogyice
Lheir definble =pecializations,

When the muscles aee developoed 1o the cinbryonie [inb
they are differentiated in the mnidst of aomass of tssue son
of which retadns undifferentiated around eael specialized
musele niass,

In this way 2 eerlain mwcant of tizsue of low spaeiali-
gation iz leff between the speeialined tibres of eacl individuoal

musele, around cach veparate musele, and around cach group
of unscles,
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This tissue veeeives different nomesin different situations
they arc ull fazein.  Tle tizeue hetween eaech of the mpscle
fibres i eatled endomysiom,  JLAAE  that botwesn the
eollocteldl groups of tibves 1 ealled perioysivn, JLEEER and
that around the wiwle musele is called epinysivin, VL4
this latler s known as the sheath of (he oasele mad in ita
exctendiod fornr, gpreading over the whole group of mussdos, s
cilllecl deep Paseia. Fasein 2 o over Vissue, bebween and
wrotned Ahe aore speetalizad  differentinted teeaes it 19 the
racking nutterial of the baman body,

Tl aenoant of this materianl ditfers in Jifecent sttnations,
depending on the other slractares=, Tn tightly packed ovgans
ar structures this packing nr faseia i small in ooouwnt aned
only exisl= az =heatliz or Gihroas (e plines. This 12 well
seen in fhe Linodee.

I boesely paeled organs, b allow of expansion ad con-
tractionin a hollow cavity of the bedy, paeking is abuodant
and existe as Iaoze strands of  Hesae oeeupying apaees
between neighbauring oreans,

Fleere e Tazeial plunes aand faseial =paces, Toth are
tmpertant, sives cxudates or cxtravasated fheide moay frck
along fnscial planes or gravitate indn faseiat spaces. The
fibrows Gissoe sheaths= of all the mgaeles, rendons, norves,
veagsels, honea and Joints os well as e general investoownt
of the whnle mass of these stroctares nust lonked on a3 an
cntity, it iz atl faseia. The fanetionz of theae shicathss, cte,.
vary in aceordanes with the specialized steneturos {hes s
rentrecd.

[n geoerad there aee bwe hmnle roles Tl e by all
faceial investioents=.  First e Dlood  ves=els, Danphaties,
and nervez which ron fo =upply wn orean are coveied to i abong
the plines of fascin which separale it Teom meeigobonriog
seraetures, Tl Bwseial plancs are the peead izl wavs of

Uhe by T the pussszze of vessels and erves,
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Second, the fageial planea permit of movement of one st-
metureupon ancther, thiz is extremely important.  Asa rule,
all structures of the body which are suljoct to movement are
invested in a definite Abrous sheath and usualiy, the greater
the mobility of the part the more perfect 13 the developrent
of the sheath e.g. compare the parotid gland IBHE capsule
with that of the pancreas, FEHR the former i3 inoved by every
movement of the jaw and the latter ia relatively tnonobile,

It is the prescnce of the fascial tuvestinents which muakes
living stuctures ao slippery, Lt is by veason of these gliding
planes of fascia that structures pove aparl when oven very
slight. pressure is applied to the skin which lies over them.
This is particelarly scen in the neck where the structures slip
and glide readily with slight pressare. This fonction of
faseia i1z very lmportant and even life sayving since it expresses
the mechanismn whereby pressure on the zkin overlyring a
gtrueture at ooee egoses the structure to dodge aside from
pynts of pressure and avoul injury, often bullets ave deflected
in this manner and siructures lying dircetly between npenings
of entrance and exil are uninjured,

In addition to forining planes aad permitling mobility,
fascia gives rise to definite retention bonds where need ifor
these alructures arise.

1t may be that in some partienlar movement of a part
gome structure is Hable to be displaecd from it proper
position.  In such cages, somee portion of the fasein will be
specially developed to restrain the sivucture and prevent
unwanted displacement.  This iz usually developed in
gonection with the play of tendons.  There will be jnstaneed
another apeeial way in which structures other than tendons
are held in place—e.xz. the wlnar nerve at (he back of the
vlbow.

Fageia may make polleyz, slings, bands and bridges
along which vestels and nerves may paze; il it may form



definite compartounts in the body, =0 that movement iy
be earvicd on in ane eomipartnwent withoul di<turbing the
contents of other compartinentz, 1= 19 well geen in the
hand.

The deeps ferseiee TREAAA farmes o weneex) investmont for
wll the strociores of a veeiober g, the museles of the e,
forearm, and baod arve all enelmsesd iooa general sleeve of decp
fageia which wraps il the stroctures and hold= ehens in plaee,
Tt dacamore than thiz ie,, merely holding structures in place,
for its great phivsiologicel fonetion may be likensd to an
elastic stocking,

The flaids of the body fened to gravitate passively into
dependent paris. The museles are great reserveies of blood
when the tinbs ave passive, and thorefore aroand all the
diztensible souscles a fivnn sleeve of fasein i= placed to wosis
tire pegsive weavitution of Duids, The faceias vesist paasive
Huwid pressure, oz, the thickiness and fivinness of inve-ting
Taseiae of fhe leg campared Ao tlial of the ana shows the
adaplablity of the fa=cin. The snare depemdent the pard in
ihe ordinary pasitian of he body the mere complete and
slrong 12 1he elasfic covelape of fazein, e the Taseia Tafa of
Lhe {1l

Superferal Tzein 3= oo Tat-containing sulemlaneas Dissoe
which provents heat las= (rar) the body amd ee-ent=a padding
of varying thiclnesza foe The hody.

Btode ia e superftedal fseln that oerves and vessels Tor
e slaine paeilsy o (ol pagsape (o Phe sorfuee,

Ao orule nerves and vessel: pleree the o deep Erscin o+
gingletrunks at diserete opentngs wnd =ubdivision o b -
chrg oveurs i sl aneans 1 issnes,

I a sunertieinl vein has ta pleree the deep Bisela to veneh
the deeper venous conneetions, as & riale, the  superficial

beanie hes doin before 10 passea the deop faeels nd, nsually
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an artery or nerve which sends multiple twigs to the skin
doeg o after piercing the deep fasecia.

The superficial conetitates o gliding plane which imparts
mobility to the skin as deep fasein peruits wobilily to the
deeper tisspes.  When the superficial fasecia is abundant and
lax the skin may be freely pulled up and slide upon the
deeper tisanes.  As o rule, the auperficial fasein is more lax
on the ventral surface of the body than upon the back, end
on the flexor than an the extensor surfaceg.  In one recorded
easa the skin of the chest could be pulled up over the fuce.
It is owing to the normal differenc @ in atructore of superficial
fageln, leading to varying degrees of fixity of the skin, that
the products of inflammation #& developed in the deeper
layers of the skin behave so differently in different parts of
the body. In dense tizages the inflaminatory prodacts may
be loealized and in lax Gssues may spread, e.g., & boil on the
hack of the veck way be z ecllulitis upon the front of the
throat.

The septa of the saperficial faseia anchors the skin
to the deeper structures a# is secir in eomiection with thogse
skin joints of the hand ‘which constitule the paloar ercase
lines. Those are only the manifeatation of the normal
bands which the superfieial fascia form between the skin and
deep fasein all over the hody.

Thege bands are arranged in o deiinite manner in every
part of the skin and have been studied in connection with
the direction in which a simple wound inflicted by a rowided
metruoment tends to beeome elongsted,

Theae bands under normal conditions produce stasia
pointa and skin jolnts but in old age the Josa of clasiic tissue
in the texture of the superficial [aseia and io the deeper
layers of skin produces additional stasiz lines Lknownn as
Caerinkles?,



Another sourvee of fibrous Lssoae, elassed ag faseiw, cotnes
from a ouee speecialized strueture which has degenerated into
fascia.  There are in the body [aseias derived from degenera-
tion of funectionless nmuseles and from tendons of museles,
These, az a rale, are shining and often have a pearly sheen
of bloe or green, eolour.

The deey fugeins of 1he hand forms a dense ensheathing
envelope for all the museles and tendons of the hand.

It iz specialized {0 eertoin ploees to forn lipaoients. It
is alao contivurd as partitions among the deeper strurturea
forming sheaths of mnseles and tendons.  Finally it iz joined
by the degenerated tendon of the palmuris longus muscle.
Thiz layer forms a eomplete investment of all struetures of
the hand, back and front alike, a fibrous glove bencath the
superficial fasein.  The strands of this glove ran hoth round
and roand the fingers to the hand and also the fabric ia
woven in different directions,

At the wrist across the heads of the metaearpal bones
T H and in the webs of the finpers the transverse fibves are
especially thiekened, AL the wrist the thickenings Leep the
tendong in place ander the annular lgaments.

The transverse thickeping across the heads of the
melacarpal bones is the deep fuseial oxpression of the stasis
point to which the skin is {ixed in Hexion of the imetaeacpepleal-
angeal joints, it is the deep attachiment of the moorings of
the tranaverse palmar crense lines, this part bas been nomed
the superficial transverse palmine ligament,  The transverse
librea of the welr are developel especialiy for the sapport of
thiz froe skin fold and they have been named the ligamenium
natatoran, beeause it izspecialized i aninnlz in which the weh
of the digits i= specialized in swinoming. [ boman anatemy
they are the interdigital ligaments, From the webs of the fingers
iz flange of fasein iz eomtinued along the sidez of caeh digit
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as a fibrous septam which joins the skin to the fasela over
the sides of the phalanges R and thetr Joints, upon these
Interal flanges the catanoous liganiodg of the fingers [Cledland s
akin lig ments? the vesaels aud arrves of thwe finger ron.

Tiwse interdigital Tamowads and aliin liganents haaper
the full Aexion of o single finger when its neighbones are ox-
ended.  Abmormalle developed, they may tessen Hee free
play of the digits, I o finger i3 permanently bent by injury
these lpnnents tend to bend the neighboaring fingers,

Of the desp ramifications ol the faseia, the mmseles of
the theemb and Yittle Gopger are well defined groups and are
enelosed in separate fnseial envelopes, ad thos are separated
from the mid-eompartment of the hand.,  These sepia are
nanied the internal and exteral intermusenlar sopea, they
pass to the venfral surfoce of the meflacarpal bones of the
minimus and medios, dividiog the palin of the hand into
threc separate ventral comparinienis.

The deep wall of those compartmients is Formed by the
metacarpal bones aul by fasein which passes across their
ventral suvtoecs,  This fusoia i= zoteiimes enlled the anterior
inlerosseous Tageln, a similwy layer cabled the posterior intei-
osecone: BE] faseia existu across the hacks of the mefacarpals.
At the heads of (he retacarpale the andevior interoszeons
fazeia beeormies thickened aned forms o ligarent, 11e tronavorss
metarnrpal lizament,  This bad prasses acrosa Jour mcioeay-
pals bt not fo the thainmb, In the font is a corrcspomling
Framend continted cighl aceoss the sole and fixed to the Lig
lue,

The eentral portion of the palmar fuseia is the porl
nsnally referred {0 when sargeonz speak of the palinar faseis.
These fibres ave a continuation of, or are in eontinuity, with
the feradon of the palmari: longos mvsele.

The palmaris longus i= a priwitive nousele, It ix the
wiestsuperfioinl of Lthe long fingee Qexors, s prirpose s (o
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bend the tigrers 4l the apetacarpo-phalangeal joint, Thres
nuseles compose the ol serivs of lomg digital ilesors; the
palmaris longus=, superficial (it fexes the metacarpo-phalan-
geal joint; the (lexor aublinus digitoram intermediate, (it
floxes the proxtmal interphalangeal joints); the flexor pro-
fndus digitowin deepest, it Hexes the proximal distal intee-
phalangeal joints),

It man ihe flexor sublinms 8 oand profundus & oare
retained in full funetional foroy andd tlee palmaris lonpns exisis
inn M ook of cvery T persons, Dot its function i3 taken
over by otlier nwmsclea and ils degenerated tendons are the
tendinous fasein which spreads out fan-like over the the pahn
in tive diglinet lips, one toeach base of each Jdigit.  Inzowmne
animals this muascle has disappearved entirely, T the foot is
a well doveloped plantar Faseia bnt their 1 no musele from
which it might be the degenerated tenden. The plantaris of
the leg i prohahly not the homologue B of the palinaria
lomgrus.  These fazcial tendons of the palmaris longus may
T thickoened and contractod aod produce 3 puckering of
the ti=sue= ol the paioe and an abstinate Mesion of (he fingers
{Dupuvtren’s contraeture}, and iv a smnple of pathnlogienl
processes 0 degenceated straetnres,  In the palmar Tnseie on
the ulnar side of the hund arve somewlal variabde moseolar
Hhres which run at right angles to the long axis of the hand
and are mastly inzerled nto the deep sarface of (he skin
over the alnar bovder of the hand,  These fibres when ther
contract proshuee a puckering of the =kin and may produoee
art imipresEion Teon the base of the Hitle oger o tle wriss,
This wsele 1z the paliagels brevi=: —

1. it b non hemnologae do the Toot,

2096 I8 a peusele direetly dnserted oo the skin,

A is o msele apparently with ke Jiveet vevebral

representation and s therefore nol casly aectivared

b the will,
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4. it 1w very easy to stimulate it directly or reflesly e.g.,
by prossure of the finger-nail upon the wrist just
above the pisiform Lone.  This msele 13 absent in
all monkeys and anthropoid apes, but is very con-
ptant in man.  Tis porpese i@ not ¢learly anders-
tood.

JOINTS OF THE HAND.

When the firat appearancesf the havd condensations,
which are the preeursors of the Tutore bones takes place inthe
developing limbs of the cbryo, BEBG they consist of a mass
of eells of undifferentiated mesoblast, Hp3E which is the simaple
erbryonie tissne from which the bones, muselog, the vessels
and the fascias are formed. '

At first the axial eondensation s undiffercidiated i the
whole length of the limb bud: later on chumge: ocour in
eevtain portions of its Tength; (he simple mescblast eclls
become differentinled in definite sites and take on the charae-
ter of cartilape, the precursor of the future adult bones. I
this way a serics of shart rods of eartilage is developad in the
nidst of the fimab and, avound busel rod, and betweon the
endz of the rods, there persizt (he siinple tizzue from wlhich
they were speeialized. The mesoblast whieh remaing betweon
the ends of neighbouring cartilages marks the site of the
Future joinf and the fule of this tizsue deperuls ontirely upon
the demands which the funetional use of the part will male
trpn it

If free uovement s not destvedd bat vestlicnes 18 noeess-
ary, the intervening esoblast may beeome changed to
cartilage and in the adult eondition o wad of cartilage will
separate the neighbouring bones,  This {ype of articulation
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i called a synchondrosi:, BCEEES and in old sge, or when
rigidity iz no dizability, the intervendng cartilage soay become
bone and bone beegie eemended 1o boue In o synososic.  H
i S

Again where only Hneited mobility is reguired It o oeer-
tain amonnt of elastieity B4 czsential, tlen the tervezing
tissue mex devdlep into specialiged filivgus tissae, and the
resiiting joint 1= known az o syadesnindds. 5§ f¥ B & In the
hand we e not wcet with any joints wiieh canform to these
tipes for here the geeatest frecdow of movenrent i demand-
ol of pvery constityent bone.,

When a free range of movenment is regnived in an adnlt
Ioing a relrasreszive clinee (akes place in e intervening
nmigs of wesoblast, For it eeases o he a eontinnens ecll mass
and o spwwee - the joint eavily—separetes the two neighbour-
ing bones, the original mesoblast Forming the thin synovial
metnbrane frome whieh the Jubrieating synovial {loil s
seereted. This Lype of Joint is known as o diectfeosis TG 5
and all the poinls of the baod ave of this sty

The wulitforentinted inezablazt which wrapped aroaol
e developiog eartilige boeomtes the periodenm FRRIE of
thee adult bones wed in fhe intervals Betwesn the bopes it
pasges over the idervening tiscee as o tough baver of fibroas
tissue ealbed the eopeole of the faint, Iﬁ]ﬂﬁﬁ This envelopinge
layer constitutes & comeplete and eonlinneus sleove-like inves-
ttent For dhe adult bones and jomts: it aay be eaitbed o
gpecinlized poriion of (he deep favein whiel 3= ealled perios-
tean aventind bhe Iemes wwd a0 eapzale eoond the jniuts,
The preat Tunetion of the porinstedin iz that it covers aml
protects the bones, and serves o2 o0 aedime o whiely the
bloal yves-ols raify for the growing boces o foee depeieed
gl ity perioctenn = o0 bone deprived af Gt Weod crpply et e
coitrer of e minered eunstifoeals



The continuation of the periosteanm over the joints
{capsule} constitutes a bond between the bones and serves as
g coafining wail for the synovial apace.

In studying any slisarthrodial joint altention has to be
paid to the ariiculating =ovfaces of the bones entering into
the joint, to the intervening cavily of the joind and to the
capsule of the joint.  In on joint of ideal =hoplicity the two
engaging bonea Jdo not vssify down to their artieanlating ends,
and the eariilaginons emds of the two bowes play upon each
other through the intervention of o synovial cavity.

The periostenmn of the one goes from hone to lbooe over
the joint (as eapsule) lned hy synovial membrane and
encloges the synovial Ouil.  Suehh a simple articafation i
pregent at the Junetions of the ventral ends of the ribs to
the sternum, and almost eo in the carpus. Linomost  Juints
there is o modificatinon due to one of the factors viz: -ends of
hones, the cavity of the joint, or, the eapsule.

The eapsule may not he unifornly thick on all aspeets
of the juint f.e the steess may develap bands of thicker
tizzsue, in placee theec are called ligationts o.g. the gleno-
Lhoueral  JEF B limmuents of the shouliler.  The cap-
sule may be strengthened by fibres from other stroctures than
the copsule, e.g. tendons of museles, theae are alzo lignments—
c.p. the posterior lighment of Winslow of jthe kiner,  Ovher
degonerated structures near 4 joint may bemone a part of the
capsule c.g. the long lateral Hgament of the hinge of the jaw,

Within the Joint cavity complications muay arise fromn
folidings of the synovind monbrane and fo the developenid of
fod i thiz eawity.  Dotracapeular fat i= always present whon
a non-artienlar part of (he bone bswithin the eapaale eg. o
fat pad on the non articular part of the olecranon withia the
capsule, Fat ia foand in joints that bear pressure, ¢.g. bip
joint,  The shoulder joint is very =imple and has no fat.
No fat is found in the jainte of the wrizt o hapd,
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Another complicating factor re joints, # the sinking of
tenddons into the cavity e.g., the biceps at the shoulder and the
poplitens at the knee, or of spectalized parts of the capsule as
the lignments in the joints of the hand.

Taterarticwlar fhro-certileges:  BREGR WEERT (bere is
no common morpholegy 7B 38R for all the strustures elassed
a3 above. In general they arve prezent to make a more per-
fect adaptation of the bony surfaces.  These may assist in
permitling more than one kind of movemenl in Lhe joint as
in the fibro-cartilage of the jaw. Tt is diffieult to explain the
neceseity  of Abro-cartitoges. A further specialization s
seen in the carpo-metacarpal and other joints. Here the
articulating bones os=ify completely but ihe end ol each bono
i5 eovered with byaline eartiloge which is capable of renew-
ing itself.

The only perfeet lubricsitug wachine 15 found in the
human body.  Itis a joint, beeause there 1+ a constaut thin
film of Tubrlicant belween the surface-—antomatically gener-
ated.

There pre @30 1oiuts in the huwan body; 25 in each
lower limab e 50 bearings are used o ailel with cach step;
the spine 40; eonnected with the spine, ribe, breast bone are
B4 joints going day and nizht; theee aved jJoint= i eanneetion
with the head and cach upper limb bas 23 joints.

When the whole weight of the body iz poized on one leg
as in every step—the lower and of ihe tibia presses heavily
on the upper surface of the astragalus 3B and unless they
were Jabricatem] these bones would Le consumed,

The mechanizsm s this: the two opposed bowes are coverod
with thin eoats of ecarlilage.  Thi= cariilage is elastie and
formis o bufler--its surface iz covored with a thin fiho of
synovia which is very slinpery like the white of an egr.
Joint cartilage is bloodless—nol having asingle bBlood vessel
or hlood eovpuaele in it, and vet the cartilage s alive.
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The enrtilage iz studded with living microseopieal units
which surround themselves withs thick soft walls of chondrin.
KEX

Cartilage muat bee supplicd with sustenanee, and it is
supplied by the synovia of the jnint and froon the thin net-
wark of vessele in the bed of the bone eneath it, The villi
of the mucous membrane of the joint also probably secrete
grnovial fluid.  The nourishonent is the bland plasma.  To
the naked eye the robbing surfaces geern smooth but by the
mieraseope there are zeen pits in it and these show where
gartilage cells have been ground deown just as parets of the
skin are oubbed off,  As the cartilage cell is rubbed off other
cells grow in and are rubbed off the substance formed is soft
and slippery, and is called the svnonia or ofl of the jointa,
The amount of the synovia aupplicd mast be in proportion
to the work dene in the joint, this ia antomatic, the more
they cub the moore oil is seereted. Any excecss of lubricant is
absorbed Ly the villi of the mueous nembrane and returnod
to the eireulgiion. Tendon sheathies form lubricant in the
saIme wuay #s Joinks do.

Toreturn Lo the hyaline ecartiloge filn, this is developed at
that portion where the periosieuny Lecotnes continuous with
the eapsule of the joint. In mast of the litab joints this
eartilaginous end of the bone beeonies highly developed and
projects tnfo the cavity of the jaint as a coshion which varies
in shape with the movements earried out in the aduolt joint.
In soech pages the daveloping hone cesifies up to a line where
the periosiouim beentes continuous with the capsule as o g
lesssperialized joint but the specialized cushion projects [reely
into the joint eavity.  This enshion iz called the epiplysis §§
Az growth procecds ossilicalion eommenees in the epiphyais
but it is geparated from the ossification of the shait (G &, of
the hone.  The epiphysis beoomes bone but Uhis boue §s sur-
rounded by eartilage: 1t is eovered over its free acticulating



end with cartilage and batween it and the bone there romaing
acartilaginous arca known as the epighywind tine.  From this
epiphysial line the perigsteum leaves the bone to forn the
eapsule, s in simple jointa,  Epiphyses are therefore separate
ofsifications developed in joing cavities 3z specializations of
articular eartilages.  They nay be rogarded as  osse-fafer-
grticutore which are united (o the Jind bones by that (ype of
junction known as soichondmeis,

The purposces of epiplivses ave differently cstimated by
anatomists. SEFIERR They are concerned with the growth
of bone.  When the growth of boie is eciploted the epiphiysis
becomiea fused with the eonnected bhones and the syneh-
ondrosiz of union becones a synostosiz -— the shaft and
ey physts beeome un cotity and the epiphysial line disappears,
The epiphystal Jine is present during the prowth of the bone
anil when it disappears growth ceases.  For ihis reason it
hus been thought (hat the epiphysis s the agent of growil
But the bones of the epiphysis and shaft grow by ioferstitial
caleification 43 I YEAR of their cell elements throngh deposition
of caleium aalt= carvied fo the prowing bone ba the Lleod
vessels,

The artericos reael the bone via (e pertostennt as lyigs
from arlerics or as delindte ehannels whiclh peretrate tlwe bone
—auirient 8 B arteries.  Sn the hone grows o bulk,  They
grow in length tn o similar wannor, one el of the wone s
usnally the site of maxinmuen growth, amd ot thiz end more
Iload {s therefore newsled, so lavge wdrienf arfecics are present
thoepe, s ealetfiention proeceds, solid bone is forged ground
the arteries and permanent nutrient foramina ) are farned
for U vessels which ron towawds the growing end of the
hones. The ends of the bone 1o which the nocrient artery
pointe ave ever growing aml extonding.  The nutrient arieiios
eonte from some main ariery. The growih of the bone varics
with thaf of the artery. wmed bones elongage fastor than the
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artery grows in length, so the dircetion of the artery in the
child i3 towards the epiphystz; in the adult it is away fromn
the epiphysis becanse the rapid growing bone has incrensed
faster in length than the artery, the artery is carrvied by the
bone and hience its direction is away from the epiphysis. The
arteries, in growth, peint iherefore to the epiphysial end of
the hones but in the adalt they point wwar from the epiphy-
gia,

As growth proceeds the eartilage 12 changed to bone, the
bone grows more massive, alters in ahape and form, but
always the periosteum clothes it ‘o the cortifuginves end i
alwaya the perinsterm leaves it at this poind to berome the caprde
of the joint.

Within the eapsule the epiphysis iz undergoing ossi-
fication, & but always existing as a nentral zone ¥ between
the growing ends of the bone shaft and the growing epiphyais
is the epiphyseal line. From this line the periostemin departs
to form the capsule.  The epiphysial line s thercfore net a
tine of growth bt a Ene of adjustment. The ends of the hone
grow and the epiphysis and epiphysial line preserve the ada-
ptation of the growing parts and refain harmony in the lines
of the benes and joints, The epiphysis is an adjostable pad
at the end of 2 bone which maintaing itg capasity for reandjust-
ment as long as the bones retain theie capecily for growth,
When the bones cease to grow this line and pad are unneces-
aary and the epiphysia and bone are welded into one and
cofleece,

The epiphyais is developed in and remiains in the joint
eavity. It i3 not covered by periosteun or perichondriom
as other cartifages ave. Itz surface 35 pot even ecovered by
synovial membrane which lines Lhe capsule of a joint. Arti-
endar eartilage is a maked tissve, it is Dare enrtilage of one
bone playing directly upon Lave cartilage of ita neighbonr,
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it is for this reason that crosions of eartilage are so cominon
a feature of joint dizcases.

The eoutinuation of the periostegm with the capsule of
the joint at the epiphyseal line does not persist in all Joints
for disturbing factors may eause changes,

To pennit freer movement the capsule may  heeone
distended and it then Yolds back over one or Loth of the
articalating ends of the bones.  Ilenes 1le cupsule may appoar
to be attached soime distanee beyond the cpiphyzial line
Thus the retleeted”” tilbres of the neck of the feraur in the
np joint are produced.  Again bursae ave developed beneath
the innscics and may Liave a secondary conncelion with the
capsule and an enlarged or eompound joint cavily produeed.
The sub quadriceps bursa at the knee s fused with the capsule
of the joint and the capsule of the adulf appears to arise sonte
disiance up the fumur.  Again the whale of the epiphysis
may not be artieutar and ihe eapsule, as periosteum, may
bhecome adherent o the bone between the epiphaseal line and
the articolating surface,

In the hand we have the separate joints of the digits,
thgse which exist between individual bones of the carpus,
those where the carpas woves on the wetacarpals and the
articulations of the radius 34 ond wlna R of their lower
cods.  The inferior radic-aler joinl s between the fixed
ulna and the retating radius acd e supinasion J# 8 and
pronation JE W of the band cceur,  The capsule of this joint
behind and in front passes from the radius to the ulns as a
continuation of 1w periosteain. Between the {wo bobes it
ig comamonly nflated upwards inoa poueh called the -
brana secciformis. PEYEEES (his pusses up woder the lower
border of the pronater quadrtas. JiE 855 L

The triongular tibro-eartiluge has a broweler sattachioent
to the radius and a narvowey ane (o the sivlaid peocess of
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the ulna. In an X-rey of the joint there may be a small
nodule of cartilage below and lateral to the styloid process,
thiz iz a persistence of a cartilaginous mass usnally present
in the foetus of the second menth.

At the radio-carpal joint the hand i moved towards
either side as well as in a palmanr and dorsal dirvection.

At the intercarpal joints the maobility is increased by
movements between the individual bones.  The carpal bones
are held together by a comimon capsule enveloping all of them
and pasging to the radins and ulna above aud metacarpal
bones below. The capsule is continnous with the periosteum
of all the carpal bones and also the ulna, radius and weta-
carpal hones, The carpal bones are held fogether by liga-
ments within the eapsule which divide the synovial spaces,
these are inlerosseons figaments. The carpal bones are strung
together by two rows of ligaments which pass tranaversely. An
intercggeous ligament passes between he scinilonar and
scaphoid and between the semilunar and uwneiform and strings
the firat row of carpal bones together, The synovial pavity
of the radio-carpal joint 15 cut off from the synovial cavity
of the mid-carpal joint. Ligaments unite the trapeziom A
28 to the trapezoid 4 E B the trapezoid to the o
magnum, GHIN and the oz magnum to the unciform, EAE
thus iz formed the gecond row of the carpus, but it does not
completely shut off the mid-earpal joints froin the earpo-
metacarpal joint, for the ligaments between the trapezoid,
trapeziom and os magnum are fine cords not reaching
completely from the dorsal to the palmar surfaces of the
capsule. Theve is only one interosacous ligament {and an
apcasional and incomplete one) uniting the two rows of the
exrpus, that between the scaphoid and the radial side of the
08 MAgHUL.



'The pisiform BE TP is not within the carpal capsule and
hag its own articulation with the ecuneiform. = 88

The Carpo-metacurpal articulations. The one between
the thumb and the trapezium is the most independent and
most remarkable. The eapsule and synovial cavity are
distinet frony the other articulationa and no interosseous
hands join the metararpal of the thumb to that of the index
finger.

The saddle-shaped facet on the trapezivm admits of a
peculiar minbility, (1} of great freedoin of movement hecause
any musele seting on the joint may avail itzelf under certain
cireanistances to produee other than so-catled normal move-
ment, thisis to be born in mind in eases of muacle paralysie.
{2} this peculiar movemnent fs no humean speciality. It ia
known to have ocenrred in the skeletons of carliest mammals
of the Koceue period.

The index metacarpal joint with the trapezoid ia peculiar
owing Lo the deep noteh in the base of the nelacarpal in
whicl the trapezoid ia received. The medius inetacarpal ia
firmly implanted in the os magnum and is more atable,
through an internsseous ligament which unites the ulnar side
of the base with the adjacent surfaces of the os magnum and
uneiform and their own internssecus lipament. The metac-
arpalz of the annulariz and nunimus articolate with the
unciform by simple cartilage-coversd surfacea admitting a Fair
degree of movement. The metacarpals of theindex, medina,
aunnularis, and minimnus articulate with each other by
the aides of the baszes and just bevond thiz area are bound
by litterozsenns ligaments.  The articulation between the me-
tacarpal of the index and meding i3 one long eniire facet.
That between the medius and annularia is by two articulating
surfaces. A single facet oceurs befween the annulariz and
NnInugE.
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The head of the metacarpal bomes of the minimue,
snnularis, medius and mdex are joined by o transverse
metacarpal ligament and are intinately convected with the
central capsule of the metacarpal phalangeal joints. At these
jolnts the round heads of Lthe metacarpals—the knuocekles—
articulate with the coneave bases of the proximal phalanges
and pn both surfaces ave epiphyses.  The inlerpbalongeal
joint has ouly one artieolafing surface, —FPhe base of the
distal bone 13 epiphyseal.

The metaearpo—phalongeal and ivterphalangeal joints
are all of one type.  latoral movement s ab o miimam o
the interphalangeal joints although a cortain side to side play
exiurs in the mefacnrpo-phalangeal joints o asaisi separation
of and drawing lozether of the fingers.  Flexion is adnitted
to right angles and extension to a straight line.  Jach joint
has o eapzule reinforeed on the dorsuin by an exfension of
the exteosor tendonyg. The palmar surface iz specially
thickened behind (he Hexor tendons and the lateral portious
are gpecinlized into definite ligawnentous banda.  Theae
ligaments pass obliquely feom the dorsum bebind the head
of the bonc te the palmar azpect of the base of thie bone in
froni, this iz well marked in the metacarpo—phalangeal
joints and when these joints are flexed the ligaments are
tightened.

The palmar surface of the ¢apsule 14 complicated in Lhe
metacarpo—yphalangeal  joints where the interphalangeat
ligaments blend with the capsule.

The palmear liganents are specially thickened and are
called the glemoid lignmeanls. These special thickenings
are more securely altachcd to the base of the bone 1o feont
than fo the liead of the bone behind.,  These are important
i the digit be foreed backwurds and may be torn from the
Liead of the hone if the joint is dislocated



When o dislocation b= relueed e torn Diganwens
gonetimes are tucked nte Ehe Joiot belween e artenlating
surfaces of the bones and reevceent dislocations wee Faiely
vontuol for this cawse, cspeeially witlhe the oo,

The glenoid bpmments of certain Goger jgoinls e at-
fuehed Lo ftte nodules ol eavitloges Bove calied sosaiioid
Lones, =F g

THE MERVOUS SYSTEM S 4%

Tliis seelign o=t dee ped b coonpeetion with 11w
seelion o 0 Hund uned Brain®),

The nerve =vstern of nsue I3 oan appsteatus by posans
of  which lwe appreciates awd becomes  influenesd by
Ipressions from the onter world and henee is enahled to
adapt limself to iz envivontnent. It isthe organic substratam
for thore manifestations I of nerve foree engaged in the
vharaeteri=tic P4 attribntes of animal life —sensation and
motion. 1t puts the organs inte such mutual relakion that
{he andmeal reacts s whaole with spead, acenracy, and self-
arlvantage, i response do tee enviromental agencies B {E
which =timdate if.

The nervous systein = the most complieated sunl highly
orgnnized of atl the variouz systems whiclh make up the
human body, o bailt up of nervons and nonnervous
tiwses.  The foroier of nerve cells and nevve fbrea the latter
af veevroglin ABH wnd blapd vessols with ecerinin emhracing
naerlsrnpies,

The centrad part of an expanded wpper porvon, the
encephialon, or Braing is contaimal within the craniem; and
a lower elongated exlindrical parct, e nedalla spinalis, or
«pinal cord i Jodged in the vertebral enlunm, (eanad) . The
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two porllons are gcontinpous with each other nt the level of
the upper border of the stlas and togelther constitute (he
eentral nervous systeny, or cerebrospinal axis.

The periphwral part eonsisis of a series of cerelrospinal
perves which unite the central nervons system to the varions
parts of the body, and are associated with the functions of
the gpecinl and general senses, and the voluntary movemends
o the body.

There are 43 neeves o vach side: 12 cerebral atfaehed
to the byain, and 31 spinsl attached to the medulla spinalis,
Three of the cevebral nerves, vig, the olfactory, the aptie,
and the acoustic are conmected with the gpeetal seuse orgaits,
and they differ somewhat in their arrangement from the
central nerves.

ORGIN OF NERVOUS SYSTEM.

The nervous sysiem is all derived Jrom the ectodemn
ShEEE or outer surface luyer of the embryvo.

The ectoderin beconies the skin and the nervous syetem,
Thas the skin may be designated as the external nervons
syitorn R R and the brain as theduternal skin,

The ectodertn beeanes the 1ost external and most jnler-
nal tisaues of the fully developed body.

In the embryo a lesgitudinal rough on itz dovaun 9§
13 folded in to Torm a tube inside the bodr.

The head end of this tube developes the special senges
smelling, secing, learing aud tasting—it grows and becomes
the brain.

The cetoderinal cells that wove ivle (he hody becoe
neryoe celle,  These have very special gqualities and have 3
funetione— sensitiveness, stotage of nervous energy and frans-
anisston of thal cnergy.



lu ali vertebrates ¥ HERI#E (e conorad nervous systom
i fundamentally a hollow dorsal tube in whicli the prinesry
segrae itation is subordinated to the developiuent of huport-
ant lougitudins! eorrelution froets and eenters. This fakee s
colarged at fhe frontencd to Torns the brain,  The verterhrate
Lrain ay be divided on phyatological grounds into fwo great
divisions, tivsl the Braio stenn, or primavy segmental spparatus;
and second the cerebellurn and eevebral eortex, or supraseg-
wenial spparatus, The Deain stemw and eeechellum ave devotel
ehiclly to redles sud Tostinetive gsetivities and constilute the
ald brain® of Bdinger. Tl eercbhral eortex is devoted to
e Bigher assovistions and individoaelly acguired activities
aned iy enlied the “‘new hrain® by Ydinger. No nervous
impi=es eun ebler the corlex withowt firsd passing through
Uier tefles conters of the Deain stent.

o fishes the Tonm of the brain is shaped almost wholly
Ly the developroent of the reflex eenters, aind here these me-
elranisies cian hest be studied, each of the more obvious parts of
the brain eing dominated by a aingle syatem of sensori-inotor
relex gireaits, The same patiern is preserved in the human
hrain, bub mach distorted by the addition of the centers of
Liigher correlation.

Yhe terminclogy cof the brain now o most common
s 15 hased on s erhryelogical Qeveloproent. ' {Herrvigk ).

Lt et vy

DIVISIONS OF THE NERVOUS SYSTEM.

A0 Central nerveus svetean or brain and spingsl cord {al=o
called Lthe cevebro-gpinal axis),
R. UPeripheral nervous svatens: (DM AEE (1) cranial

{2} =pinal
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¢, Sympathetic nervons svetem—ZF BUIEZRE B (really 2
part of ““B."’i.e. visceral peripheral system). [t is also
ealled the autonomic wervons systen. B =5 R 3 &

The brain and #pinal cord are etetosed in the skull wad
the veriebral coluwnn.  The peripheral amh aympathetic avs-
tersé are oubtgrowths of it which serve the central system,

The sympathetic or autonomic systems and (the peripheral
nervous systenis are deseribed separately 70 convenlenre Lot
they are coordinated and inteprated with tle contral nwrvogs
syeten,

Nerve tiszue is the nuster tissie, 1 divects and confrols
all the activities and movermnents of @]l tissues of the bode,

Hormoues PIIAXE or chiemitcal wessengers are carried
hy the bleod from various ovgans and tissaes.  This const.
itutes the endocrine systemn which by chemical eooperation
influrnces the tissues of the body, The (horownes} are
produced under nervous contraol.

The nervoussystent directs the perforinunee of all nruseles
und glands and integrates them into hanwonious conperation
and one symphony from birth to death.

The brain amd spinal cord do more thao divect tove-
ments, The antertor or ventral part of these Lssues gives
orders but the dorsal or posterior part has other and higher
funetions and sgperintends and adjust perforinance to eond-
ttiong.  Life is an wlaptation and adjustment of livieg to
environtnent.  wefion 15 wljusted to vequircioents of Lhe
THOVeHenT,

STRUCTURE OF NERVOUS TISSUE

Nervous tissue comsists essentinily of (1} wnenroas,

MERALY held together by (2} newroglin B M and (3)
ingrowths of conncctive tissue from the pin mater, FEFPERIE



The wewmn consists of avefens, BE rytopfazn 81 0HE ani)
processes, or, cell and processes. The nerve ecll conzists of
nsrfers and eyfopfican.  They minltiply rapidly before birth
but wof after btk At birth there are 12,000 million of them
in the brain alone.  When destragerd v fife they ore never
regeierafedd, They live withont change and maintain funetion
while 1ife lusts. Memories last for all Lifetime,

Nerve colls are enelosed in boae {skoll and  vertebral
colunimtand are well protected froan injury from the antside,
hewever, infeetion sray vreach then frong within and if des-
traved the disabilily eaused b5 permonent.

These eells vary in size from 17150000 t0 1725 inch in
dianweter.  The wgeleus presides over and nourishes the
processes and iz the gite of the subtle changes giving rise to
nerve tpipdse. The provezzez provide the paths atong which
the impulse is carricd.  The processes are ealled werpe fitves
and unite into nerve trenks. They vary greatly in length.
The nueleus = the vital part of the celt—it 1= essentially
dilferent fram all athere nueled,

The ¢xtoplasin containg what iz callm] Nied siehstonee
BRI A8 and fibrils; this substanes {(Nis=lh s rapidly weed
upr dwing nervous activity and reaccnmnlates during rest.
It iz probabiy tle foed whicly, under nuelear cantrol, i= #ored
up and fransfovmed ioto necvons energy. Speed is eharae-
tevistio of nerve eclls—the activity being aloiost explosive.

The proeesszea of the eell are usually many and are bean-
ched as trees. There way be oone or moy be hundeeds of
theay,  They fransmit neervous enerey. The nenro.{ibeils of
the extoplasm of the colld o into all processos. The proeesses
{dendrites} of the cells go to other nerve cells, oie, whish
carries away erve nnpulses Frong the eell is ealled the arore,
h 1t or beanehes of it gocs to cach steiped masele ibre, 1t
i« nlzo ealled the axis evliinder. FRSEEE An sxon nay e
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guite short or as long as 3 fect.  Lentrites are usually shiort
and eonvey Dupilses beltween eells-—Rome  dendeites, as
sensory impulse eonductors from the palm or sale, may be
soveral feet long,

Dendrites not only conduct mpulses but are alsa fooul
carriers.  They absorb fluid foold from the intercellular spaces,
Ten minutes without blood and oxygen enuses these oells fo
dic, therefore the jmiporianee of dendrites,

Almost all neurons are in the brain and cord, A few
ariginal cetodermal sensory  cells, olfactory, B remain in
their onginal surface position.  Bome newrons are found
puatside the tube en incoming or sensory oorves, oo
neureons move out on rerlain outgoing or motor nerves ancd
thers is & speefal subdivision for these strueture (sympathetic
nerve system.} Thus there are great monsses of ncurous
constituting the gray matter of the brain and cord aml small
groups called gerglions outside brain and cord.

In relagion Lo Beain and eond venvovs ave of three Linds;
Facoming, outgeing and dnferaedinfe.  Tnreowmdng are sepsorg,
These carcy fnvneds fnforoiatfon aboul the exterior and in-
tevior of the body. Tlhey have long dendrites eonnecling
the outside world with the brain,  Their celis are found in {he
hrain or on the gangliona on the roots of inconting nerves.

Chetgorng neurons are Meter, They carry orders to ousclos
and glands,  They hiave long axons which are In loneh andy
with gland eells or wugele fibres.  Their eite in the brain is
in front,

I the case of plands and plain wueele Gibre of vessels
and viscera the eell bodies of the neurous are o syinpathetic
ganglion.  These axons are cned picees as far as the nervous
syslem is eoncernad —their orders being linal bul atlicr orders
roaw e senls,  Jaferotediode neaeons have no contact with the
ontzide thew arve erdively within the nervons svstem. Their
axons and dendrites are only In toueh with other eclls af the
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nervous  sveletn, Their funetion is to delibovate,  Judge,
record and lesizlate,  In thenr are awareness and decision.
Their gite i3 in the doreal pact of the brain and eord and {hoy
formr great nuasses,

Invoniing and ontgoing neurons each eormuunicale at
one emd with ofher nourons.  Todermeliode ones conpne-
unieate al both ends, Latest rescareh towds to show that
it is an electeie current, SEHE 11t Nows from el 1o cell and
froon group w group of the defieie patterins in the eercbral
cartex.  Every ncuron exeept the Yond' axon poes from
ome cell to another and forms a elose assoeiation but no
integral union of parta.  Thiz eonvnunion is ealled a synapse
aud there nervous government 8 earried oot

There is supposol 1o be spme substanes or eonducting
modioo between ends ar belween surfaces of the Jemdrites
BHRSE whicl acts in such o weanner fhat nerve Impulses
How Trom axon 1o demdrite or froom dendrite to dendrite
in one direclion buk ned in the apposite divection, Therr-
fore neurons foro chaices For eondaelion af oerve impulses
in a fixed dircetion,  Different denedviee: from o eectanin
cell may po to different receiving colis. This topulse way
o to any ot alleslls. thereis a zeleetive choice,  Fhore iz
roiue resistunee ab the synupses: (1 varies frong tinee to time.
LUV ehergy may pass onsily or beoresisted, There s
eliodes wrad o deloy ol e sy o response 1o stimuolation.

Faripue and sonee pol=ens andor deogs Lamongst them
nicotine and aleehol} may cause a diminntion of pussege of
Amnli.

Dendrites or processez of uerve cells o Tedin evory et
al the bendy to e conteal nervous avastena, [Ineoming sengory
dendrites extond from heir lerminal (o the hieain, {uatpoing
motor dendritea reach all muscles and through the sy mpstieiio
nerves relay all ghand eells and plain musele Abre stimuali,
Avons and dendrifes of intermediare celiz ron up and dewn
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and across the central nervous systern making vavious and
definite communication pathways.

Tlers are ag many axon: as there are oells amnd many
more dendrites.

All axzona and dendrites with their coverings are called
nerve fibree.  Each proeess from o syopathetic eell (miator
to plain wuscle or gland) hag one very thin eovering, Mozt
fibree wilhin the central nervons svaiem hoave g thick eovering
of fatiy substance called Myelin, FEEER IMoat procosses
extending out from the eentral nervons system have hoth
the thin and fatty coverings,  The myelin loolks white,  The
white matter of the brain and cord ronsists of fibres with-
out this sheath, The gray matter conrists of cells and fibres
with sheath.

White matter contains vary fow blood vessels because
the processes are nourished partly from the eclls. moreorer
nervous conduclion requires wvery  little cnergy. Myelin
gheath ic suid (o be an insulating materiat.  Xerve fibres re
grouped In cables with several eables Bound together. The
groups of cables are the nerves,

When o nerve fibre is cut across the parl separaled from
the eell dics and iz abaorbed.  The coverings help absorh the
remaing.  The process may grow out again from thie cell with-
the membrane 1o nourizh and guide it.  Thus new nerve
fibres {with healthy eells) groww siow Alres.

Berves ent by wounds vay be resutured.  Then the
paralvzed mwoveles amndl unfecling <kin may months, after
suddenly reguin sensalion and movement. A nerve regrows
at the roee of about one inech o mongh,  Nerve imipulses
travel more slowly than eleelrieity —about—43 miles o minute.
It takes 17100 second for a nervons impulze to travel from
the finger to the brain.  Eleetric eurrent travels 186,004}
miles pev seeanct
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The shape and interoal organization of nerve-cells are
adapted for rapid metabolism, FHEECE Exhanstion of the
eell bodics is marked by visilile changos, notably consaption
of reserves and dizappearanee of the ehromophilic B My
sabstanee,  Nerve-tihoers are stroelunrally adapied  for con-
duction and duving pasaape of 8 oervows Dopualse their me-
tnbaliang is mevewsed,  Fley Tatigue rapidly, as aliown by the
refractory .p]mse, Iet recover their eonduciivity wishio a few
thowsandths of o zecand, The rate of (nnsmiz=ion, varies
with the structure of the nerve s its plvsiologiceal state,  In
the contral nervous systom the more eowpticated structure
leads to remarkalde changes in the coorse of events whon
nervious jotpulzes are dizchiarged inle it from the peeiphery—
diffusion, =ammation, imhibiiton, and inany others,  The
phenomena of faligue In the broin are very different from
those in the periphery. The higher hrain ernters are organs
of eonselons experience, amd it has recently been shown that
durtig Intenze mentnl work there is a sljzhi Ineroase [neoe-
tabiolizun, The nature of the Dodily ehanges whieh tuke plaes
in learning, thinking and mental processez in geneval remaing
lo he dizeovered.

Satnunry CTrreyversibility - -Though 1 nerve-fiber may
transmit wn pnpulse in cither direetion,  the retlox ave a2 a
whole cnn fransuit in only one diveetion, that of the novial
passuge fronl sens=e organ 1o argan of rosponse. The svoapse
seems to act as a sort of value, {o vse o cruds analogy.

Pelay awd atter-discharge, —T'he transmission across the
synapse involves a delay greater than that of the nervesiihee,
The response of the neeve fher begins Damediately upon
siiminlation and docs net continae after the stimatos stops.
A rellex response way nof appear anul several seeonds alter
the sthoulus and it way persist long slter the sthoalus has
e-tidend,
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Fatigue. --The nerve-fiber can boe faligoed with diffiealty
but rellexes fatigue gquickty and often are soon complelely
exhausred,

Action of drugs. —The norve eonters enntaining synapers
al el bodies are vastle more @=enziiive 1o variowd toxie
drogs than are peripheral gerve-{ibars,

Metabalic vale, —The gray tatter 1 more richily vasceular-
ized than (he white mwaiter oo Hewnelabloelisun s moee rapid,
There is =ome evidenoe that remions containing only syvnapiie
junetions have wwore rapid wwetabolisn than v gions contain-
g ecll bodiea,

Varlability o The nerve Thwpualze {rmesnitted by auy
particnlar fiber i, wider unchanged'physiological conditions,
uniformly the same. The reflex are, ou the olher bhand, is
varighle in intensity; rate aud patiern of response,

Smmation, reinforecment and imbibition, --These seem
to T effeeted ov facilitnted at gynaptic junctions.

Rhythm—Tiw relidion of thytlan af stimulas io rhytho
of vesponge 7 fixed in the nerve-filser, bul i the reflex there
is o such direet refation.”’

THE BRAIN

Tie brair i= e proeatty enlarged upper oied of the neors
tule AT . It is larger in man than in anials aod differs
i gize inyalitferend vacos, decreasing in the following ordey,
Caueasinn, Chinese, Malay, Negro and Australian aborigines,

Rize—Caucastan 23 pids amd wolghi A8 ovwwes 01,5400
g}, Arix 2754 of the weight of the whole Besdy and abour
S times Uhe weight of the spinal cord. Dnthe elald or birh
At is 135 of the body welght, T small ven the preportion
of brain to body §= higher. o smoe wonkeys and niee 1he
Lrain wolglit, in proporiion to body weighi, = Ligler thao



in nent, The dowest welghd ol beain compatible witls inlel-
lpenee tn 850z, There 2ve greak variations= i individaal=,

Arouzst hrains of creot oen teken after death the weiglo
virries Fronn alwat 20000 G el TR0 e,

The pitheeanthropus Cluva naan) SO0 years ok, i
cebitaabed o weigh 53 hom. Tl Ceo=2agnen mee of Karope
A 00 vear= apo) the estitnated weight = e Bighest geeeral
avermee ol all toees vz, Do The hradns of ciepidinnt g
wlitles nee b avier Gl T o,

Tle neve =ize of the brain iz not w sure ndes of Jutel-
DLipenes.  Boe very laege brains have been Poud Toidints,——
Whoerta cldld venclees 1he e of six veaes (s brain Las groewn
approimately toita full adulo size. After «ix vear= the pedential
enpacity = eouverled Inte alnlify Dy bearning moul oxpoerboner,

The siendfieant dilferenee in the plhivsieal =roeouee of
Lrsing i roen i 1wob #ize, aeea, welpght or cven the noomler
of eoliz T tine eoriox dotd fa thablonif so e, Pl arroogeioen:
af ves=ela gnd Dla] =uppds o= =lown by che piaonater =hows
the driving power of the Dlood which pots and keeps e
Bawto al work and deterndiees he gqualite of the work whicl
= prevforined,

A lavge beain indieates peod gewils wliclo 1= 4 Brvaosehie
siqgeny ul dbe abilive fhe Ioadividlon) posseessess Loree birains
pay Bave o e eoll= s sioall aoes bal 0 (hese eolls e
farger Frong gowd Dlemd cappdy ihex will, eacher o =nall ar
Lorpe =ied Dirains, i lisate abidlity, _

Tl Juesab bz conpesed o7 the eeniun sl e Gaee. acl
ol these parts is the enleeged apper omd of the two main fokss
of the Dol -=the nonrad aned alingentary toles. HTEH

The worle of the brain i# 6 et indorocation from the
ciat=ide world Benee there wo Bod the spiceind senses of seeing,
Leaving wud soellinge, Tt Tearns of danger anel seeks ford,

Lo b aeeders the Tseby masens o dooits reguest, The apager
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and of lhe alimentary canal 19 to seize, kill, lear, chew and
swallow food, In animals the face and mouth do it all,

The mesoderm gives the proteetive eoverings for the
sense orgens and leeves channels {eog. card by which ound
cte., reach fhe senzitive surfaees and it forme the membranes
to protect the brain, 16 wakes for the face, the jaw and
nuscles, ‘

The great eolagement of the lead end of the neural
tylie =50 tinwes that of the cord—iz explained by the specinl
developroents for the sense organs, From which messages go
to the brain and are there cosrdinated.  The brain must
also know about all parts of the body, The spinal cord
recelves the infprmaiton and relays it to the Lreain,

Thus in the head wre developed the nerve centres for
sensation, memovy, judgnent, control and eoswdination of
acitvities and eonselousness.  The more advanesd the life of
the animal the greaier the development of Uwe brain especially
in its dovesl part.  Thiz pact is relatively cnormows o tan
and deominates the nerve cell masses below (hem whicl
control atl the engines of the body.

THE PARTS OF THE BRAIN

There are two great calargementy, the corcbrom A aud
{the cerebellam Mg, and here are three pedoneles or stacks
conneeting the latter with the id-beain, #pE the pons and
the medulla oblongate, JEBE The internal structure of the
beeadn s wery iniviente and it has three stages of developent
{¥ee alsn-Origin of Nervous Tissuel, In the 3 weeks embryve,
the brain s shown te be the upper end of the nenral tobe
ard it has a large eentral eavity., The cibryo of the
second month shows massez of nerve cells or ganglions derived
fromy the nenval erest, Frow themy the negrons of the



SenEOEY Derves grow oubward feo the skin or other parts e
the interonl e, Fhe reting BB «how- 2~ an extension
of the Torebratn. DTnthe third ponth, e fwa main expane.
sinns ol the dor=al part of e beain aee elearly seen, The
e whiterior one on cacl side—1he cerelwns—is desdined (o
Logstine croriiois atd grow dorsalwands eil downwards: (it
the right sod ol mes=es unite aned ceone dwnwards fapether
until they cover all the beain steus and Tie o eontael with the
poslerior enlargentenl U eercdne o,

Tl lianwae Train s fhese alages = like the Liradn of the
Wewer vertebreate avimaols el 1t 1= frona this dorme vhat thie
brains of tihe huwan aduli and bigher vertebrate anionls
iaye Beon derived by cxpansion of paris of tleir dorsal
walls, Thispelalivelv siaple tubwe is thorelore calied the dead
e }lﬂﬁ e efed ferero naod thie great f'.ﬂ'p!r--!-ﬁ'ﬂn af the vl heaii
Efe i ds eedfedd the e Beada Dalae called neopaliiom)
SR To the ofd beedn e spinal cored Ne the weneon divectinn
wb fronetions thet grg sietee with Iowee animeds, Do the new brain
jx A1 vetsrony ncehaid=tn eoneeried In higher aetivifties of
brarnan Jife (oo which wedilfer Trom Jower aninals eog. fiagin.
ation con=eiousness ol jetelleer, '

The six partz of the beainoare the end brain {telenee-
phalons interpisdiade beeine (dencephlon o thalamos), ke
widbeain (oesweephlae or eorporas guelvigeniina},
ia thruus (rhomdrenceplindi or pedunculns corebri} B8, hind
brain (nwtencepholon or cerebellum) anet after brain (oy-
cleveeplholon or  uwadutla eblongata).  These appear in
viabryos of the fiest wonth, A it groove miarks oft the
vontral piolor part fesm e dorsal parct. Lo s calied the
bniting subeus 18, Quite a1 the upper ened of the neural e
s the rhineneeplalan or olfactory part. Gradually from
thiw stage Lhe new beain grows in every direction and extemds
steadily downwards ovey the Train stem G it overlies the
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cerebellom as in the adult bBrain.  Wlhile it grows, a great
tract of fibres grows across frenn the vighd side 1o the left slle
connecting them close together.  This iz the eorpus eallosun
HiEtig,

When the nwass on each stde bas grown big 30 1 called
the cerebral hemisphere "KEESEEE and sinee it grows from
the side of the end brain it 15 slways conmected wiih tlwe
wails of that stroctare. The cavity of (he ewral tube i
filled with cerebro-spinal Huid. Lo the wdule the cavity buas
4 expansions, ealled ventricles, cue in each cerebiral heis-
phere, connected on cach side with the third ventriele of {he
interbrain (tlie thalawid. and the fowrtd s T the Tind and
after brain,  Holes in the coof allow the fluid to pass oat
and econnmuniegte with the {lnld which bathes e onter
surface of the brain and spinal cord within their niombranes.
Tt iz thig finid that i3 withdrawn in spinal punsiorve.  The
Lota! amount of it is about G4 ounces,

The brain stem (eld braind is best seen after the cercbral
hemispheres and cercbelluin are removed.  In the course of
evolution of animals the brain stem has grown steadify at 1is
upper end.  Below, next to the eord, iz the medulla oblomgata
{after brain; above it is the pons in front and the eerebellum
{hind brain} behind.  These two parts eontain the Fourth
ventricla. _

The throe stocks that the cerebellong has, eonneet it with
the medualla, pons and midbrain Cuesencephalon},  The
midbrain bas forr eminences on its dorsal surface, the corpor
quudrigernina PTG, The ventral part of the midbrain
containg the two great stalks (erns or pedonele) of the end
brain. At the upper end is the interbrain (dieneephalon)
and on each side of it the great masses of nerve {izage called
the thalaini, each posterior end of which is called the

pulvinar T RESEN.



Miove tle bezing stein o5 tie el Leain {teloneephialond
with the elfactory nerves at its tip, Its dorsal surface 3=
enortinusly  expasted nto the two cercbral beruizphieres.
At the base of cueh hemizpiwne 1= the eorpes striation which
ettt with the thalwpn= at the upper end of the brain
“heat

Fhoe brsdn b= nesde of merve eolls o werve thres. The
erlls are agranged n0groaps eontwecte D b ghe dibres, Floese
proups ol ceiks e called oweld wwt are dariier in eolour,
The white areas are sorve fitne trocks, Tise cells or geay
teatter dw the eond are placed Dindesioely, T the eeeebrgl
hewdsplicres wl cercbellua their sioation i< a fhin lyer of
eodls spread over 1l ouber surfas. This sorfuee is greatdy
inercazed 1 area by tloe convaligions apd the Tureows helween
thene aind by shes i lebling of the sarfaec. The lotal surfaee
ia about 332 squure inehes or 29 2q. fect. The enrfox ix
alenid 177 e thick amd He colis nginber 2000 16 12,000
miklinn=,

Not ull of the nerve traci= aee Tully koown, Te iz difliendt
tneb = inee the dihres are only 172 00000el 100 disoneter aned
iy b 3 feel do lenglth, Flee traets running hetweer the
lraitn wed cord ave ealled association™ fibres and they
earnnieet thie vaviou= partz of e eovtex with one another gl
all pthor el nsses.

Thea: eells detevroine onr beodily aoed noendal Bves. Onur
gharacieriztios arne iuberent tn Dot steaetare, The animal
nart of our natare Hes in swer levels ~the sympathetic,
thwe wpinal ool el e lower braio slemw, The Tianan part
5 in ihe upper brain stenn, the eorpus strintun SRR, and
in the eovtex of the corelrany, Care individual traite ave o
the covebrral cortex, The upper brain dominates, conrdinates,
and conteals all below it. But they must work throongh aned
b information from the lower levei: whiell alons are
eonnceted with tlae s,
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We differ fron lower anhioal: by the pndberposttion in our
brains of masses of interediate cells,  Their interposition
belween our sensory norves and olher activities gives us Tulles
and better lives.  In animals individuals are more alike and
gniferm, unifornnity is the result of lower centre eontrol, but
vartability is the kevnote of the ligher nerve centre divection.
The sympathetic system directs the local reflexes controlling
digestion and Blood supply, these are antomatic B85 and
stmilar in all anlmals, The spinal eord elfects involuntary
reflex movewnentz.  The wmedulla oblongaia directs. more
claborate movements c.g. eircnlation, respiration and coov-
dinaling of body laboragories. The cerebellum adjosts
locomotive activities in our positions and moveinents, receives
information of wmseular engines and  gives vigour awd
preciaion. In the midbrain are inherited instinets, socinl
habits and eye and car reflexes.  In the thalamius are genersl
adjuslments to car and especially eye sensations, also a
general feeling of diseomnfort or woll being, simple ciiotions,
frar, individual halits aned rudiments of learning by exper-
imes.  Inthe corpus stristwm are complex instinets and the
conrdioation of tousclog o bring abowt geneeol moveneats,
In the cortex dre sense of space and tioe, memovy, judge-
ment, congeinusness, volition, conteol of etuetiong and of the
lower centres. The language ecentre 8 in the cortex and it
contains the apparatuz through which we get onr sense of
govigl relalionships.

The corebral cortex iz essentially the organ of tmwnala,
In the lowest nmmmmals control of intentional wavernent
lies in the eorpus stelatum but in hieher ones it resides
in the cortex. %o also the appoaraius of sensory porecption
lies there, heneo there 1s greater diserimination heeause of
more ¢ells, wlaidvely litile of the eortex comtaing molor
codla. Thue sensory part spreads out over the nost of this
area, &0 that s wider spread offers more oppoviunily for



e bers Lo reaelt 31wl Hlios apere separation of anatont-
pal amd Tunctional arens,  Funetional avews are napped owl
ear the brain =urfaee.  These aveas toerely indieate that injury
to thew Dupairs the oedons gesociatod with theo. Betwoen
Funetional areas are azsocintion aveas and i thesse ave siiuated
galities spoh ex reeording sod jndiciary,

Al parts of the eortex of Both hennizpheres ane conbee-
vieed i0 thee oot Dntrieate away . Cells Tave maore than one
fihre and there are 4,000 1o 120000 gnillions of cells, Nerve
nnplt=es of  repeato] speeiist experienees foree thomselves
alonig sotae Leaets and structurad elanges or adaptations Geear
whieh leave an enduring record and a tendoney to repetition.
Crerebral patleways are mcde more casy by vepeated systena-
tie exereises and expirvienes. The ecrebral cells heanme
sz er arter vedeldle weoe e the weight of Uhe Lo is degepe.
aseed Cilarad 555 Teong A0 vears of aged.

The motar arew of the corobrul corles receives Bbres frims
ather pares af the corlex and Disehavges its stiooudi into the
anietior region of the bratn steny il the spinal coed, Thos
it controls the micdor centres which copivol all body activity.
The wiotor ares mmkes havnonions eooperation of all hod y
eeil=, The eortex determdnes whether we aect ke apimals
ot Tlvimdeine T Tuednes,

Ry —The rhioimbenecphaion 28 B includes the
medatla oblengatn and eerehiellun, that i, all parts of the
Bratic helow the athmns, A of the ceanial nervez exXeept
tlee tivst Tour pairs conneet with the wedulla oblongain.  An
araly=iz af the functional components of the cranial nerves
glows that they ean hest be undersiom] by eonsldering each
tunetional syztein of fibers s o unit and stadying the eon-
neetion  of  vach  component separately. The medalla
obhlongata of lower vertelrates and of the unan cinbrro is
seett to by eotposed chiclly of the prioaey centers vebatod to
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thege funetional cotpotents of the peripberal perves, arvan-
ged in loﬁg[tudinnl eojurnns i the order, fron dovsal to
ventral surfaces on each side, of ronativ-=ensoty, visceral-
Rensory, visceral-motor, somafic-motoreenters.  The sane
arrangentent appears 1 the wdole huoan obloneaiu, tlmugh
soruewhat distorted by the presence of large ouszes of correli-
tion tieeue and of large cornduecion teacts widel are nof
present in the lower vevtebrates,  The sen=ory centors of the
nblongata are connecled localby witlh Lthe adjacent 1aoter
centers and also by longer tracts with the spinel cord, cere-
bellim, and thalpemns,  The latier ibers eonstiinte the
bollar lemniseas ﬁﬂﬁﬂﬁﬁ, of which =everal funetional
components ¢can be distinguished, the mwost portant Ieing
the trigeminal = ¥ 8 #E lemuniacns for general eutaneous
eensibility, Lhe lateral or acoustic leminiscus for wwlitory §#
sensibiiity and the medial lennizeus for spinal propriceepiive
sengibility,  The cerebellum is a propricceptive center deyves
loped out of the vestibular area of ihe medulln oblongata,
The corebrum contains the pritaary conters for the 1, 11,
IT1, and ¥ pairs of eranial nerves, but most of itz subzianer
15 coneernad with the higher ceniees for the correlation of
BeNEOry nmpressions, especially these involved 1o the pavelic
gelivities, The midbrain containg in the corporn guadeige-
ming FIMBH important reflex correlation eenters of sight and
hearing, and iu the cerchral pedancle eenters for the cooed-
ingtion of movements,  The diencephalon is desoled chiely
to various lypes of correlation. It iz divided info three
parts, the thalamus, B the epithatamus, #E BAE and
the hypothalamius, BIE TE the two last being dominated
by the oliactory syatems. The thalomns containg a aedial
group of nuelel eoncerned with the thalamie reflexes aned
affective experience and o lateral group of noelei which dis-
charge the sensory projection fibers of sight, hearing, and



peneral ~ensililiney bao ilee cercbiral cortex. The enrpuos
striatiin i fower vevtebirates i= an hiportant reflex conter;
it = funetions sevin o be sulsicdiary to those of ihe
cerelral covtex for the most paree I ennsisis of two ehief
ey of gray malter, the aaadace BAE and lentiforn AR
wvled, with sheets of white matter between and within hese
nesses. The ehie! systenes of Ghes of 1w white modder aee
aecannulated i the internal capasle which Hes Ledween the
lentifornn voe-lew= Bverally sl el candate mueleos and
thalanus medially. Throsgh the intera ] eapsule mo the
pregeciion fihers whivh eonoaet e gorelreal ooriex wilh the
lower parts of the brains=tern, oclading the senzory radiations
frorn the thalawius amid the descending seetems o e pons
et brain stem and the great proooidal $ERT tract, which is
e voluntary owtor gl drom the vortex to the 2pinal

econed. U erriel )

FUNCTIONS OF THE CONVOLUTIONS ON
THE SURFACE OF THE CEREBRUM.

“The froutal lobe may e oconvenient!y divided into
ihree wreas; prefroninl, FH midivomtal, A and post-
frontal. FHE The Praoviosrat Aieas erabiees all the superior,
middle, and infevinr frontal eonvolotions, with the cxeeplion
of their posterior ends, O the edial side it zeaches to the
callosomarginal fissare.  The function of the prefrontal avea
iz sald to e that of higher eerebration, as atieotion, judg-
mient, il comparizon,  Tlas region, parcticalavly {he lower
portion, 1= liable to injury, owilgs to its anterior pos=ition
aud to the Faet What it overlios the arbit, The roof of the orbit
is guite thin and liable o fracture by peoctrating bodies, as
wubrellaa, cancs, ole, Sooetines a portion of iz part of
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the brain snay e destroved withoot tarked Deterfereaer with
the mental gualilics of (T patient. Thiz occnrrad in the
cage of a boy who was struek in the eye by a carriage pole
{persomal observation}.  The cxe was burst, necessitating
its removal.  Heveral picees of the Praciured bone of the ronl
of the orbit were remaved amd brain tissue came away for
geveral dava,  The boy recovered and for sixteen years
apparent]y il no resalting enkal defleieney.

Tre MipFroxral Anes embreces the posterior poction

of the ruperior and middle convolutions, with the wpper
posterior portion of the Inferior. It iz concerned in certaiu
mevernents of the eves and Lids) aned al=o i taring the lwad
toward the opposite side, This pudfrooial divigion i the
maost anterior portion of what it called the mwedor area,
- Mook SreecH CestrE, or Lrocs’s Coxvorrriox. SEEG
FIETE PR The inferior frontul eonvolution on the Lefl side
is alzo known as Broea's canvolution. Contrary o getetal
opinion, it includes three portious: (he part between the
infevior precentral sulens and the anterimr azcending ramus
of the Sylvian fle=ure [pacs opereularis? %38 the part between
the anterior asecinding and horizontal rami of the Selvian
fizstire {pars triangulavis! Z 8, and that belween the
anterior horizontal rammas and the trank of the SBylvian f=zo
{pars orbitalis) BEEE. The suotor speech centre o Broea's
centre, lies within Broca’s eonvolubion and perhaps exteinds
intn the adpeont part of the lowest reglon of the preeentral
convolution and o Lhe anterior part of Che Insula,

Tir PostFroST AL Arka emibraess the aseending frontal
conyvolution in front of the fzsure of Rolanda or central
fasure. 1L 15 conecerned in the various movements of the
trunk and extremities, and forma the anilerior portion of 1he
Rolandic aven; it will be considered ander that Lead,

Tre Roraxoie Anea JEERE . This is the area which
gives rise to most of the voluntary movenwents of the body.
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When atfveted, 0 eauses positive svinploms ol paradysis or
contration ni the winselrs eonpeated winl i, amil ig the region
st frequently alfected by injuries. This is partly due to
the fact of its proxiomdty to tlor middle weniogeal artery, us
a Bemorrliiee fromy thal vossel peodoees o edot wloeh eovers
and involyves this area,

The Bolandiec area embraens Lhe a=eending fronal, o
precenteal, ard posterioe portion mf U dheee Frondal cauvedo-
tionz, Uue forner being m front of éhe lk=nre of Relowlo, or
central fizsurey, onl aeeovling e Che aosl reoent investiga-
tionz it includes alse 1he paraecndral lofwde (Figo 12) . The
fizsure of Kelando paszes downward and foeword feoane tho
longinwlinal Hssuve, at an angle of alisat 70, nearly to the
fissuee of Sylyvin=, belng zeparated Teon it by the joining of
the aseeding pacietal and azeending frontal convolulions.
Shvvrringstan amd Groolagoy have shown (hat e aotlor e
g whiost exelusively anrevior to the contral fizsaes.

The upper portion of e motar aee, aear ihe long-
it ol fi=zure, = coneeringd with the snovernents of e igos
skl locwer cxlremity, The lop condees are towaed the upper
cied ol e evuteal fisanre; nest are Uloese of the abulonen anud
citat, The arm centres are Cnard the sobdle aned the fane
eiat ez, inchuding the Loy, tongoe, ool phidysoa weedl
pvtele, aroiried s lewer cxtremite, e b, o, wnd See
corslies are, respeetively, opposite fhe posterior oxiremities
of the superior, auddbe, and gaterior frental eonvolutions.

The upper portione nf i melor arma posses over He
uprper wiargkn of e heacisphere and Gownoon i paelisl <30de
almast as G oas ibe callizoowrgionl fesuee FIBE and
paracentreal Ialisde,

Tree Revsony Aves, 8 8B The portion- of The corelra
involved In eulancous and masenlar sensthility e 1
posterior portion of the parietal eonvelutions, the grecaneu-
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o1 quadrate lobabe, and gvras tornieatus as G forward s the
motr area ot Uwe wedial espoet

Tires Visval Awcs BAES subraee the oveipital lobe, par-
tiendarly ita ennens lobule, and region of the ealeavine fissare
on the medial aurface of the hemnizphere.  The anterine
portion of the oecipital tobe amil the vegion of the augular
s ave enneeened o the wore connplex plienomens of sight,
and their destruetion produeces word blindmess  {alexis).
Destruction of 11w contros on both sides produces whal has
Beon enlled mind-blindness, beeanae ohjocts ran no longer e
recoEnized.

Sexsuity Spepoenr Cextee on Armory Anes. B) SRS
SEFPEE This, the tonc-piciure or suditory centre i= loesied
tn the posterior third of the superior témporal eouvaolution
unad the adjoining portiot of the supramargioal convaluting.
It is alzo spoken of as Werniehe'™s contre. Here the micmory
piciures of 1l lreard or spoken words are registered. 1 it
B destroged, e spoken word witl be Tward, bt i0 will not
he anderstood. 1 i the eealee of word-dealone-s or sensory
aphasin.  The actual contre for (he reecplion of sounds
without comprebension s D the widddh: poction of the
Auperior temporal convolution,

Clrsrarony Aurs. B The sense of taste i« sunposed (o
e Ioeated on the under amned ioner suefocces of the tem-
porosplionoidal abe or Tourih tempneal convolwdion. 1t has
not been definitely loeaiod bat probably adjoins the olfactory
aria.

Orracroey Arkr, B3R The eontre for smell or olfactory
oentre, 8 locwted In the anterior portion of the gyrus
hippoeapl EEE and the hypoemupus, on he under
portion of the tenporosphenaidet lobe,

Dravis,
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MOTOR (EFFECTOR) NERVES,

From the onferior pach of 1w eond and brain axons srow
ant ta tle whoble bodv, These e nolor peeves and may or
miay not by mesoeinbed with sepsory axons i nerve,

These motor nerves are found oy il ventea? rools ol {he
31 patrz of spinal nerves aodd G0 2l Al 12 cranial neevies
except first, sceond and cightli (alfaetore, B optie, BR and
auditory g2}, The [Fh ond T2l eraniad Ceeveszore gl
Ly pogelossaat @7 F are endirely motor,

The ventral newrpnz bhave theiv ecl]l bodies Duside the
hrain and eord; the sensory neurons lave their colls in
gungliony owlside the Lrain and cord.

The wnedor or cifector nerves earey Jnipadses fron the
bLrain do the 3 kinds of tguscle="and v 1he ghand= and thiese
Movr wgenees produce all our activitie:,

The wuzele eolls are very numerous ooz, in the =arior-
tous BRERL there arc alout 140,000 colls.

There are several billinns of eelis In striped nescles of
tlee whole Deds, raillions to sopooth musele in the ntestines,
B d vezeel= ol viceera, veed thonsands v che tineche S2pecial
striped ] of the heart.

Aefirites ar Vapse sl Forgs roee Boraeaeinns fevericse 8o v v
stinirdi fa Moo are horoinadaes, The pracessos of mntory oclls
prow froin groups of ceibs in 1l eray noatier of vie hirain and
eordd, Lo the Do slemn stele tnodor coll geaups sre oalled
neefed, Al of these aro silualed] vontrally 1. e anderlor]y Soe
are nearer the mid Foe dhos gee ovhier=, Werves Lo the eve
=ches, oenlomotor TR (rhie) | trochlbar #FE {founh),
alslieent B (uixih) amd hyposlossal & (L2l ore eloser 1o
Ulee wviedlenes tha those far perves ol glands of the Tiesd paee
of the alimientary eanal tnigenioal = A (5th), lueis] 0
(vth), glosso-pharyngenl 75 B (9thy, vagns $R3E (10th),
anek nevessory Bl (11tht
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In the epinal eord the celbs for visecral nmacles are o the
Iateral part of the anterior horn of the gray matier while
those for the skeletal inuseles are nearer thie midiiue.

The vigeeral and civeulatory muscles are made of smaooti:
musete Aibres.  Most gluneds [ie in the Intestines or skin. The
mind has little contre! over these.  Smnoth musele and glands
are concerned with slow vegelative aetions, ez, digestion and
etreulation which go ou essentially alike (o all anitials. This
action is an inherited automntic action pattern which goes on
unconacionsly and 36 15 vegulated by the laterally ploaced
cells,

Skeletal mscles aet quickly and are eonzcions of moiinns
produced.  These intentional motions vary proatly aecanling
fo times, environment and individual traits.  The cells gn-
verning thege two kinds of action are in different positions in
the brain and eord.  Besides differance in position of these
sets of cells theve is a greater difference in thelr nervous eon-
trol.  The autarmatie action of vizeera, ghiuds and vessels bs
gubjeet to little dircet control by the brain and eord but is
controlled by a subdivision of the nervous sysiem called the
sytnpathetic or autooniie or autonomic nervous svstenn b
eause of its relative Dudepetidanees,

e e e e ————

NEURONE THEORY.

Canniprlonn g, 513

Y“Nenrone'” is ihe lerin applied to a verve-arli and all its
processes aml the nevrone doctrine asswmes that tliere 18 no
comtinuity whatever hetween the substance of ane neurnie
and that of another, such = oceurs in Hydra (Fig. 4210, and
that the Funetional eonnexions belween thest ave beonght
about merely Ly the contact of the proceeses of one element
with tho processes, or the cell-body itsell, of another clement.
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In aceordunes with tlis concoption the faels of mubryology
are suppascd by his) to demonstrate thal when the axoen
grows our from o previonsty spherieal ad guatached cell if
is able ta push into the sureowsding Lissues, aod, a8 it were
gulded by sowme insfinet, everdually fionds Bs oway o ihat
particubar area of skin, muasele, gluvl, or other part of the
bosdy where madare inteodds it (o oo,

The difficulis velved in suel a eoneeption is oot only
that 3t s opposed Lo all tlear = koown of e early stages in
the cvalution of the nervous zyvsten, bat also that it s diflicult
to conceive Ehat every one of the million: of neeveseetls,
mnsele-eetbs, viseeral and sataneons slements can each have
sorpes speci e aliracbive power which leads every individna!
nerve fibril vo tta appropriote and o presfestioed olpee dn fae

Liaela,

SENSORY NEURONS 4 3 fll #2 Wi & SENSE
RECEIVERS.

Koow] elge of anes eoviromnent 1= essontind 4ooall anim-
als. Thi= is abtained Dy sl diveongh eevtadn celbs specialiv
selFibied fo materi] Chives, Uiy wive F puietioles o fue
air-—aonwe ol which we stedis Plings oo ol owr tient b,
geor anna solobioey and we po-de, Thines viomde, 1hi= oy et
cunriyons cifeel o our bindies, they oy belpoor fill use We
Liave senzory cells cepeeindly for Chese vl ione, (hearing e

Tlerenn fosaitado e =em=is v et lete bess Bz 110 aoeimnnd =,
ez Doy and Al sense of wipedd, O vilwatioes af e
('1,]1[.']‘1 Terees= Lstve o0 il manse aod ondy nens Phe eenlre ol
the werle, e Toeal aodd Hghte Vilseatinn-ss nsek i wireloss
telogranhy avd In rodin are oo loay Tar bang senses while
above our range are ultra-violet ravs, and X-ovavs and radiom
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emnanafione. Wesense bk part of our environment- -probably
the lesser part.  Many energies go on which we do ot know,
Bome inscets and animals have sense eells the natare of whiceh
we do not know, -

Oar sensory cells are delicale and eflicient within our
range. Our eyes detect the Hght of the stars which are incredi-
Lle distance away—very little energr must reach us from
these atars,  That part of the world to which we reach, is
determined by our sensory cells —onr world not fAc world,
Much we do not know, eyrs, ears, sight and nose are insuthi-
cient. Al infarmation the cenbeal nervous sysiem reeeives
ig due to the offect of sthoalation of our sensory nerves.
These nerves extend from the swrface of the bods and its
parts to the brain and cord.

Nerve trunle are only 58 in nuuitber—{2 pair to the brain
and 31 paira to the spinal cord, but their hranches are
imnumeruble,

The wervons oetres are servedd B ail the senses of the
body, The recording, gaiding, deliberative and Judieial
depariments of the nervous syatenn are situated in the dorsal
pavt of the brain,  Hewveations enter, are analyeed, dircoted
translnted indo action there,

Only in the dorsal hrain is congeiousness ar inind. There
seneationa are cheeked and Inpulses und responses are eoord-
inated, inhilited or releaged. The dorsal Lrain orgunizes aad
solects pietares of conduel (aclion pletvves or patterns).
sSemsalion, memory, conteniplation, judgement, dectsion and
direction are funciion: of the amdomatie nerve Hssues stingel-
ated by environmment,

All sengory nerves exeepl {he olfactory grow oot i em-
bryonie life from the neural erest,  The neural evest haas a
right and left conneetion with theskin,  The eells composing
them beeonie mazses and forun the dorsal root ganglia.  Some
eolls zend branches into the aewra] tube and other branches
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spread through the hodys Their ferminals are sensitive to
stiuli of specifie kinds. Thoze near the surface get infornem-
tiom from the ontgide world and those thad zo to the interior of
the body 10 the museles aud viscern get information from
those sourecs.

Each senzory nerve las< aoroat i {lee storsal part of the
brain or cornt and has on it aganglion.  These ganglion cells
are the life contera af the sensory neurons. Their proceases
carry nerve impudses.  Frow sensory nerve endings they go
into the cord and are conpeetad with othier newrons.

OF the 42 paire of nerve trunka 12 come from the brain,
viz: the olfactory, optie, oeniomotor, trochlear, trigeminal,
abducent, Tacinl, anditory, glossopharvogenl, vagus, aceessory
hypoglosenl, The fivst, seeond and cbzlnh are sensorr, the
eleventh and twelvelh ave wholly offerent foutgoing).  The
others Lave bath lireoming and outgning filves,

Thirty-one pairs of nerves go oft from the spinal cord, 8
cervical, B8 12 thoacie, S8 5 lumbar, B 35 caeeal g and
covevgeat . Faeh has a dorsal and ventral tool on encl
side, the Tormer iz sonsorsy the latder s mator, Thesge go olf
sopavately buat unite to form a “mixed™ nerve,

The 10 cranial serves 1hat caves zensory filves to the
hyain go to eerkaln petris.

The olfudory perve feneeines 10 the <kio wloele dips tnro
the nasal pit.  They are true nerve ceil<nnd are the only ones
which repain on (he Dedy savface,  Bwael eell haz g tiny
proeesy ferminatingg 1o oa vesicle with o erbin onoit. Thess
vesieles and eiliz are tooist oo e nosal forsa ansd ave chenieally
sensitive and are veecplors of saell. (e prooess of the cell
poez to olfactory ballk i the Bradn, Fromothiz bull a fraee of
fibres goes to the forebrain.,

YThe olivetory eonters (vhineneephalon) make up nearly
the rutive forebwain o B=les, amd i Irigher vertebeites pro-
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gressivaly mrore non-ollfactory centers ave added to this part
of the brain.  The non-olfuctary purts of the cerebral hemis-
phere cornprizse clisily the covpuz strintum amd the neopalliom;
the Iatter miakes up by B the lveger part of the Inouan hewis-
phere,  The vhinencephalon eonsists ol o rellex part in the
Lrain sterr and a cortieal part in the weelipallinne Suell
and taste nre both chenteally exeited senses, hat the threslolid
of excitation i= oueh Inwer in the ease of saeli, This s
brought abgut by the suppression of wsxnmaps=c 0 the peri-
pheral recoptor organ and by o ecowples meclranism for the
gumimation and reinforecirent of stimali in the prinerey
olfactory eenter In the olfactory  budh. The secoldary
alfactory centor is the olffactory aven, which bas theee parts,
eaelt of which is o veflex center of diatinetive type,  The res
flex path from the secondary conter paszes hackward to the
epithalamos and to the hypatladamas, from cach of which a
desernding path goes b the mator center o discharges into
the alfactory corobrad cortex, which 3= chiclly contained within
the lippocmapi: amd Feom whicl manifold aszoeiation puti-
waya conneet with oll other paris of the corcbral cortex,”’
f1Terrick)

Crptie nerves are within the eveball ool their fnoeroosd
alayer are called the veftina, Tl vebinag iz an outgrowth of the
forebwaln aved yomaine: connccted with 3t o B oaidbradne
With an ophthalioseope BRilREE e doctor losking at v
retina, sees the hrain mud gets inforowtion. The eyolsllz are
like 2 enoneras about the vetina, Thise camepns are wdjusted
by muscles.  The pupil is a hole i the dispheenn and is
regulated by lright. The vetina eontaing “ends and eomes™,
there ace about 1300 milliony of rods and 7 initlions of cones,
The rods eontuin o chamie] substance wlial bleaches with
bleaches with light—thus photographing oceurs. From the
retina fibres pase to the tntermediate and soidlbrain,
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UThe reting i developed as a luteral outgrowih fromn the
carly neuval e and throughout life retalos its charvacter as
a part of Lhe braiu, the “optie nerve’’ being really a roreeln-
tion traet eomparable with the lenniseos systems. The rods
and cones of the reting are the photorveeptors und also the
nerurons of the frad onler in the optic path. The Yoptice
nerve’ eotilain: newcous of the third onder from tlwe retina to
the thalonus and midbrain, and also condrifugzad Giees from
the midbraio 1o the reting, o lower vertebreates the fibers
of the optie path deeussate cotpletely in the optie chidsna,
bt din tleese womnmals whase fields of vision overlap there s
ity incotoplete deets=ation so as 10 ensuce the representation
of the Aeid of vision of one side eompletely in the opposite
evrelral hensisphers, Those Ghees of the oplie {ract which
terminate i Uwe iibrain oliest various khels of retlex con-
neetions, wivile those whiclh tevaivate in the thalomas effeet
coctical croicetions, The pavictal or pineal aye of some lishes
sk reptites s oapparently funetional iz an organ of vision
which was developed quite indepowdently of the laderal eves,
{1Terricl)

Auditory ## nevves load fromu the ionner var o the hind-
Brain.  Inothe inver ear they are oxposad ooair vibralions
which produce sowud.  The nerve tettwinals connesl with
celbs Doaring ¢ilin. (e 15000 of these eella are in eaclr car
and by means of these we deleet tones. The nerve eells of
{lie=e nerves Torm o ganglien in the axis of the cochlea. The
cochloa s shaped like o snail zhell, A canal rans spivalty
arownd itz axds 23 tirns. This cunal ix full of flaid and
eontaing the awditory oerve terntinals, Thuas the vibeations
are it fluid not air. The aic vibeation: produee fuid viliea-
tioms,

The auditory nerve alze condains (ibres which are not
conecrned with hearing.  Some of tuse come fron 3 delieate
nreinbranons semi-eireulsr canals,  This apparatuz gives ua
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the seree of wewetwend G mrrces Thest canads are in theee
plancs, one harizonial and two vertieal at riphl angles to cach
other. The canals are filled with ilyid ool each wontiens af
one end an enlarged wopudla o whiel s aosobid s cudled
enpula lying i the dduid.  The nerve ferioinals are Gigle hair
like processes which project o the ecopata. [o wovement
the enpula lags belied and pulls on e Bovies ook gives o
gense of the divection of movewont,

Phe vestibular apparates and  the ecrobellmn are
penetieally and physiologieally very elossly vetagsd. The
somicirenlar canals A aee the st hielty Jiferentiotnd
proprioceptrve encd-organs, serviog chiclly the Tonetions of
cyuilibration ared the waintenanes of maselar tons. These
reactions are, for the most part, unconseiously prefored and
there Is no hoporiant cortical path from Lhe vestibular nuelod.
These nuclel effeet rellex connections with the motor contors
of the spinal eord and medulla ablongata, especially the eve-
mngcle otciel, amd with the cerebellow .’

“The ecrebellum has been dovelnpe! aut of the prisnacy
vestibular area for Lhe more perfeet eoordination and integra-
tion of the zomatie motor reaction and for steevgthening thes:
reactinng, It reecives afferent fibers Teon ali soisatic seosory
cenfers, and i mamnials i is adso very intimalely connected
with the cerebral corlex, these two higher eentors appearing
always to act conjointly. Tl corsbellum Jdiseharges inlo all
of the somabie molor eonders aod as2i=ix 0 proserving the
proper Balanee of mnscular eantraction amd in the mainten-
anee of musoular tone.” {Ierrick)

Otler flwes of the awlilory nerve come from the otricels
which is elose to the semicireular canals, It 15 fall of liquid
and containg stony particles called ear stones or otoliths,  Thia
gives us o sense of pootion when tle head and the vzt of the
bhody 1 «till,  The otoliths fend to sink to the lowest Jevel in
flimd, I like neeve terminals are oo the walls of Uie sack
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ane = frn difterent pogitions: the oialiths boaely and stimulale
different teroinals amed tioos we et our senses of positian.

The nerves 1o these =ense organs are inearparatod Tar
sowe distanee with (he welitory oerves, The ganedions on
thetn are enetosed in the teneporal bone sind they earry their
senznry dnplaes along with the anditoey igpul=es into the
lsrsal paet of the Ddwdlseadn or aerein .

Anorher e elosely gesocidod witly these sttt af
selital woeseless W senee pneansion=lvy Hhe GTeel Deing
ade witd wvscies. Nerves to unseles eomapesed af siripoed
e bave g oeeneral 0% ol 2ensory [bres e thent aod wee
are ahle to miodify et eoordinate our wosele aetion with
winazing delicoey . Eyen stouding regaires constant adjust -
maent of el aetion i response Lo sensadions of pressaee o
w1 iiets,

Floe ew-rve Terotinalz tor tnl=cle sensaton ane by the
srusele spimddoss Sooe iny mescle Aliee temuduals oarve
prronpedt b spindle shaped omesses along fhe larger Blees.
Tlevse Tivves the =enmory mewve tertinals, When the laroer
fthores eonfract tla Tiet e omes also contract wnd the Hitlhe
oqtes repaart Lo brain whad thee parmer otwes are doing. AL the
dorsal ronts ol spinal verves carey o musele senze. as oalso
do vhe ol Cfel, Sty Sty Tohy b and Wt eranial nevves,
The werves oo mts o dorzal pacl of the eord and Drain
arnd Lthe Dupalzez are relayved by otlaer Blees to the cerebellune,
Alonewith these ape sen=ution= of position aml moveinen.

The eercbuedbizng i the great eaerclator of wasele aetivity
and tnoveent o space. The cerebellioo Las o eonseions-
nes wlabever =0 tle zenas teportad to i eavey intelligenee
withesrd eor=edenss Feousi i,

Seresilicns o psie are eareied on by the seventh aervo
froo the auterior part of 4w tangue, by the nintl nevve o
e posterior ot asuad the tendh from the epiplodéis. The
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cella concerned are not nerve cells but specialized eclls of the
lining of the forcgut or entoderm,  These ure taate buds on
the fongue and pharynx. They are dome shaped cells with
taste bnds inside with terminal hairs projeciing from the
apices of the buds. These are cliemically stimulated by
snbstances in solution.  They omly diatinguish sweet, =our,
galt and bitter tastes. {(See Summary under sympathetic
systcm}' .

Sensory nerve terminals are very highly specalizod.
Eacl i3 eaxquisitely sensitive to a particolar stimnlus and 1o
oliwr, c.g. no amount of light will stimnlate a taste bud.

Most of their nerves lead from terminals that ave
gtimulated by touch. The sensations resulting are of many
kinds and may be conscious or unconseious.  Many varietiey
of terminals may be asgociated with one nerve. There are
touch corpuseles for light and deep pressure, there are others
albout bairs, others for lining of the mouth, others for sensi-
fiveness for cold and hent, othera for pain ete. Many
terminals are found in the viscera,  Of these we are not con-
scions in health.  SBpecial nerve teroinals are related Lo

hirst, hupger nansea, aixd emotional sensations.

These seasalions all stream inte Lhe dorsal part of the
central nervons systein,  Some go directly to the brain, othery
to the cord where they econnect with another neuron and are
relayed to the brain,  In the brain they are combined.  The
brain knows all, It receives millions of stinali. Al scosations
go 1o it.

*“We have seen that the chiel function of the sense organs
ia to lower the threghold of exeitability of the body in definite
places to particular kivds of stimulation, and thus to effect
an analyeis of the forees of nature so far as these concern the
welfare of the body. The nature of thiz analysia of the
environing energy complex was illustrated by o review of the
waye in which the body oy respond to different kinds of
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vibrations. The senses, ax this wornd i3 connmonly msed,
were distinguished by four eriteria, teried  brielly  the
peychologgical,  physieal,  anatondeal, and  physiological
(Herriek) ',

LU e g

SYMPATHETIC OR AUTONOMIC S5YSTEM
O Nee wnder BHoowd and Brain)

The nerve cells of this syetern wander out from the eord
and brain along the motor nerves during early embryoanie life
1o a position nearer the intestines.

oo group (hemselves sear the vortebeal column on each
side in a ganghiated chaing olhers o Gairlber inwand aod
form ganglions near the aorta; also (here ave the solar, rennd
and other plexuze:,  SBonee are fpuned in the walls of the heart
aned intestives.

The eells diveetly controlling plain wnzele fibeoe, hoaet
musele and glands are widely seattersd, They diccet the
activities of the intestine wferns, spleen, kidneys, bladder
angd other vigeern with plain ooeele or glands. They regulate
the eireaiation of Wood and lymple. They alse regulete the
sweal glands of the skin and the moseles wlieh make hair
sland up. Al this vegulation s brgely avtomatie,

There are 3 main gronps of these eells; the gangliated
cord, the plexuses of the aorta and in the walls nf the viseera.
This eord usually contains 20 ganglions on vach =ide, -+ in the
lread, 3 in the neek, eleven in the thorax, 4 in the abdomen
and 4 1 the pelvis. The lowest pelvie ganglion is ar apex
where both eords mect, These chains of ganglions: are the
eonttre of the spupathetio syatewn, From them filyes go to
the plexuses and viscera, o cach af the spinal nerves, ond to
the 2rd, 5th, Tth, 8, and 10th erunial nerves,
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The sympathetic avatem i3 Jargely automatie, and s
ebject to some interference by the eord and brain e.g. our
thinking can disturb our digestion. Some parasyinpalhetico
fibres po direet to viseers frome the Lrain.

Ixteusiziaare UerLLs

Sensory and motar nenrons are not by themszelves enough
to adjust the life of any animal to s swrroundings.  There
must be interinedinte eells.  The sensory stinoull may pass
directly to 2 mator nearon but oven so infermediate colls arve
stimulated,

The action resulting from the. lransmissfon of @ nersous dn-
pulze from @ sensory neuren 6 o wmolor nedron s called o reflex.
Reflex action is typieal of nervous fisaue.  Snch action nlwaya
tnvolvea Bome of many intermediate eells,  Withwout inter-
mediate ecells nnimals conld not rescet as o wihole and atl
gnimals so react.  There s no zoch thing as a4 simple eflex
ot i, 2. ane sensory neuron connect ing direetly and exelusively
with a motor neuron.

The intermedinte cotls todify the refiex act. There are
15000 million eetls in the human brain and most of them are
intermediate eolls, These are inlerposed between the sensory
and motor neurona,  They are deeply placed in the body anid
sheltered Fromt casoal restation. They have no processes
extending out to the surface ar to museles or glands.  They
are all linked up with one another into one sonwected syatem
receiving all ineomuing sen=ory impulses s give off all cuea
for exeention,

The passage of a nervous rellex through sueh o system
eauses modilication of it.  The stimubug produecs o reaction
in the witole hody and thus the intermediate eclls intoprate
ane indensify (he re oy by eoordinsting many eeliz with wmuel
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grevter foree oinn the musele or gland involved,  These inter-
mediate eclls combine the sensory stimuti from many sensory
cells and permit renction aecording to the sum of afl stimoii
reccivedd,  They may avgmoent, delay or prevent eomplefion
of the reflex end thus complels complex movements,  They
preserve meniory and souie of the cells may acquive conseions-
uesx,  Thos mwemory, judgiment and intelligenes ave devela-
peal.

Viseers are defined as all organg coneerned
primarily with the waintenance and veproduction of the bods
as contrasted with somatic organs conecrned primarily with
adjuatments of the body in relation with its environment.
The viseeral neryous system ineludes sl neurons, central or
peripheral, primarily concerned with gontrol of the functions
of the vizeern,  The vizeeral amd somalie nervous sysletns are
intimately related bothy eentrally and periplicrally, for most

[
Sunnaary.

bodily functions involve the eaoperation of somatie and vis-
coral orguns,  The yviseeral nervons systeom ineludes a speejal
part confined to head and wholly unrelated with the sympa-
{hetie system, aind o general pact alwars distribated througlh
the sympaihetic system. The sriupathetic nervous aystem
ity lery defined e that part of the periphoral genereal vizoeral
nervous systenn which van be separaied by gress dizseelion
Frome e eranio-spinal systern, as by eulting the rout oom-
muiicantes,  This s the orizinal anatoinicsl weage, whose
value rests only on deseriptive conveniengs.  Fibera of the
general visceral netvous svatem eross the artifinial bonndary
Letween cranio-spinal and syimpathetic systems in the rami
eopemvnieptes, The sympathbetie syatem inelades fhe
munglivnaled trunks bordering the apinad eolurnn, the larger
peripheral ganglionated plexusez of the head, thorax and
adnloauen, sand a very large nwmber of minute syiipathetie
punizlin weatlered everywhoere throoshous e boly, The
sympathelio norvors systent we regan! as eqanpoand of twn
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imperfectiy separable partz: {1} & series of aulonomous
peripheral ganglia for the lncal repulation of the orpana
within which they are found; (2} the neurons of the eranio-
epinal vigceral systemis which enable the central nervonas
gystem to maimtain a regulatory control over the vizeern,
either directly or throuwgh the intrinsie antonomons syatems. ™’

“The eranio-zpinal visceral systemsz fall inde a general
grovnp rclated peripherally fo the sympathetie nerves and a
apecial gronp independont of the sympathetie,  The second
group includes the apparatus for taste and in part far smell.
The eentral innervabion of the visecea = parly [rom the
gpinal and midbrain regions, but chiefly fram the visceral
drea of the medulla oblongaia.  The heart and blood-vessels
have a double innervation derived from both the spinal and the
bulbar viaceral centers, and the nervous comtrol of the organs
of circulation is very complex.  Respiralion in lower verte-
brates iseffected by strictly visceral structures and is eontrolled
from the viseeral area of the medulla oblongata.  Inomammals
the museles of ordimary respiration are all of the somatic
type, bt the eritters of control are retained in the viseeral
aren of the oblonguta, HE8E The sensations eelated to the
Jigeative traet are servald chiclly (though not exelosively) by
the yagus. There are special salivatory nucled relafed to the
VII and IX eranial veeves.  The nerves of taste are the V],
I1X, and te a very Nmited extent (i owand the X pairs of
eranial nerves.  The primary cerebral gustatory center 1= in
the upper part of the oueleus of (e Tasciculus solituriue, but
the cortical path i= wnknown.

“The general somatic evstemns inelude the sensorimotor
appaiates of eutancous and deep sensibility and the innervation
of the skeletal musculature,  The exteroceptive systems
(tewch, temperature and pain) have different end-organs and
cerebral eenters from the proprioceptive systonvis.  In lower
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vertebrates this distinetion is not so sharply drawn, and even
in man they are not whdlly distinet centrally.  The extero-
ceptive syzlems are transmitted from the spinal cord to the
brain through a ecomplex tract, the zpinal lemnisens, BF &
within which there ave separate pathwars for the three quali-
ties of sensation, toucl, tenrporature, and paiix. These
sensation gualities come into comsctonmsneza with a distinet
pariphertal B or external reference. The proprineeptive
systems (musele senae and allied types) are transmitted (o the
brain threougl (he dorsal funieulus of the same cide of the
cord, the medial lemnizens of the opposite stde the thalamaus,
and the sminesthetic radiations to tlie corcbral cortox; and
also through the spinocerbellar Lraets to the eerebellar eortex.
bast of these reactions of spatial adjustment dn not comea
into conselousness at all, Dol some appear sobyjeclively as
sensalions of posture, bodily movement, and apatial discri-
mination, The gereballun is the great ¢learing house for
these and all other afferent systems which are concemoed in -
the proprioceptive functions, so far as these are unconsciously
performed.  Cutanesus and decp sensibility appear in (wo
forms termed by 1lead protoputhic wnil epicritic and by Stop-
ford proteciive and diserivwinative.  These types appavent!y
are not seryed by distinet end-organs and neevea; the distine-
tion iz centrally, not periphierally, determined.  Protoped hie
types are primitive forins of sensibility  related  with the
brain-stem; cpioritie types *are thosze which have been proved
te have rortical reprosentation.’  (Ilerriel)

THE SPINAL CORD.

Sensory and sympathetic nerve eclls e as a rule outside
the neural tube of the embryvo, anil 2z degived from the two
ecctadermn] ercste. Many motor celly nander ont at a Jater
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time. The neural tube lies between Lhe sensory ard motor
neurcna and is composed mostly of interooadinle aells,

The larger anterior part of 1le neaval tube Becones the
brain and the rest of it the spinal eord.  The two together
constitute the spinal cord. luto the doraal part of these
glruclures extend the sensory nerve fbres which brimg informa-
tion fram its ventral part.  Fibres go diveechy to the monseles
and indireetly through the sympathetic system to the smooth
masele {ilves and the gloneds,

The spinal cord is about 18 iches long in the Pulby de-
veloped adult, It weigls less thon an cunee. It isshorter
than the verlebral canal. A {he thivd montleof uterine life
it 15 a= long as the coluroas Lt af brth ity lower end is on o
level with the thivd lombar vertebra,  In the adult it bavely
reaches the second Iminboar and in a tell man it may nok
extended below the last rib,

The cord terininates in a horse —tail arrangoment ealled
the cauda equinus, HGE The caots of the fower den paits of
spinal nerves, 40 i agumber, extersd downwards in the loug
glove-like dura mater whish eucloses the cord and containg
the spinal fid which acts az & water ewshion to proteet the
eorit anid nerves fronn shools,

Bowe of the zpinat luid 15 frequently drawn off for
dinghosic and treatment purpeses. This s done by ineert-
ing a hallow neclle lante the dura miater below (e cord. This
is called lowbar puncture. XNeither the eord ar nesvies ure
injured for the peelle enters a aid filled eanal below the
cord proper.

The pia mater BXRE iz a dolieate moewbeane corrving the
arlevics and veins Jor the eords’ supply. The conlral grey
matter of the copd reeeives more blond thon the white peetion
of the cord. The former couliinz cellz and the lader the

{ibves From the cells,
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The nereo eclls are mineed do the centeal column fnoan
He-zhaped mimaner, Inoeross seelion there ave shown 2 anlerior
ami 2 posterine hornze of this gray matter. The posterior
horn contains interiediale cells whish buve sensors connee-
Uane,  The anterior hiorns eontain tooior oodbs for the ziviptead
mrzcles of the linths and trand, Theze are the <iee of infeet lon
atud inflinaradion in infantile porabvsiz. Bofworn e anterine
and poslerior horns e aray niatler at G sides of et ml
canat of e cord eontains intermediste colls whicih are con-
nected  tluoaghe e =vapatletie svateme with Blood and
Iytaph vessels and with {he viseera.

The wiite matter of the eond surrounds its eoutral wray
canul. It eonsiz1= of nerve Bhees eotering, lenving or pas-ing
ur and e within 1he eanl. The entering fihros are
gensary nerves cndering the posiovior leen, The oulgolog
nerve filees po tlirough the anterior voot:, The fibires paeaing
up and down eooect seelions of e eand with each other
aimd 1he braja,

The owigning (mmior) filee: Jda ol go ool Soon con-
Hoawus series bat i 3 groupa: an upper meoup in the noek
Team the Tieabn, aomiddle geome 1o e Thomwie egion ard n
Iower speral gronp. Mo vnerves go Lo Uhe svmpaticotie ehain
froon the eorvieal and  bobo—=eral vesions. AEIETR Dt
e hoeseie grang seieds EDoes £o Che ganglndel syempathedi
trunde seaed Lo all vimeera nmd veszels,

Thes cranial wed saera? ez are colled parazvoipativiie
to dislingi=h thew feom dhe thoraeie groap, Tl go to the
viseern and to vessels wbicl thius have boil a synopathetie aml
para<sinpatheiic Gl 2EE@ Lrervation,  Theiraelinns are olten
ehirerd [y oppesed ;. ote cansiig aetivity aaed the nther ehecking
aelivity of glam s and sioeall tizele, This eontrol is casily
Al evonly Balioes] =0 that vessels amd viseers oo liondely
Al pronppt !y el seeording w ehanging eanditions of the

bue I,
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The enfering eensory fibres paszs up and down the eord
and connect different sepmentis—thus a enanee for extensive
reflex action. Oiher filtwes paszing up and down the eord
are wholiy within the central nervous syetein. They are
relay fibres earrying both sensory (in) and motor {out)
impulaee. These are grouped in bundles and are connected
with certain groups of cells at both ends of the bundle.  Each
remaing in its own place in the cord and has its own special
functions.  Discasc of one part of the nervous syatem can be
deteeted throngh disturbance of function of any partienlar
Immdle, The position of the bundles should be known,

Many fibres eross over from side to side in the cord,
thue bringing both sides into elose cooperation,  The motor
fibres that descend from the brain to the cord nearly all pass
over hefore they terminate in aynapees with the eells of the
anterior horn.,  Tharight side of the brain controls the muscles
of the left side of the body rand the left side controls the tnuseles
of the right side of the body.  Righthandednesa is asspciated .
with left-brainedness.  Injury of the left aide of the brain (e.e.
gerebral haemorrhage ML) produces paralrsis of the right
aide of the body.

The right eide of the averape man is heavier than the
left and the left half of the brain iz slightly heavier than the
right.

Right, or, lefi—handedness are asscciated with: this
crossing of fibres and tliere goes with it one-sidedness of
gome of the igher functions of the brain ¢.g. specel control
iz on the right side of the brain in right-handed people and
on the left side in lefi-handed people. Thus in foreing a
child to change [rom left to right-handedness there some-
times resulls stammering or other speceh defects,

““The spinal nerves are segmentally arranged and arc
named after the werfebra adjascent to which they emerge
from the spinal canl of the vertebral colomn. Eaeh nerve
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arizes by a series of doraal rootlets afferent in Function and o
gierics of ventral rootlets efferent in funelion.  Maost of the
gray matter of the spinal cond i+ massead 0 two longiludinal
colnns on each side, Tor sonpatie sensory aml sotartie wwotor
furnctions respeetively, These e soparated Ty intermediate
reglon fontaining the viseerul sen=ory wn? jcolor eondors g
varions correlation neorons, The white mmatler of the eord
ia superficial to the gray and containg wavelinaled Hbers for
various kinds of corpelation, bestdes roat-filers of the spinal
nerves.  The white matter ig Jdivided topographically o
funicoli & and fascieuli HE and physiologically into traels.
The latter are the veally significant units in the analy«is of
the coni,  Peripherdly, the spinal nerves divide into deep
andl saperficial branches, amd each of these eontains varions
fupnetional aystemns of fibers. As sobn as (he peripheral
nerve-tibers have enioved  tato the spinal cord they are
segregated into propriceeptive mwd cxteroceplive grouwps, aml
encli of these agnin into particulare lunclional teacts. Tlers
are conneetions for local spinal reflexes, reflexes of e broin
alern and corchellum, and for the eevebral ecortex. The
gpino-cercheller tracts and the dorsal funicali ave proprio-
coplive in fuoelion, anid the spinal lemmnizens BE I corrics
spitto-thalowie {racis of e svatems of toaeh, teioperaiuee,
and pain zensibility for the cercbeat cortex.™ {Herrielk)
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SKELETON.
(See ' Joiits of the Hund''. )

" The Skeleton ineludes hones earttlager, Hgauems and jointa.
Bomes arve the most durable parts of the animal body.  Frag-
ments of akulls and other bones have been fourd e g the
“Java’ and HHnid1{3}_\»:@1‘{;’’ vemnants; the " Piltdown’ Skall
remaing, and, the *'Peking’? Man.  All of these are oxtremely
ancient the youngest of them probably is more than 500 (K0
yrars old,

The s=keleton eupports the body; it protects the brain,
the viscera of the tharax and pelvis; and cooperates with the
museles,  Mosk wmuseles are attached to the skeleton and
these with joints, topether constitute the locomntive apparalus
whereby movement is produced. .

Nearly all movements are complex and most of them involve
the action of Jevers. There are three parts to a dever.  There
are three kinds of levers uscd in meechanies according as
fulerum, load or power iz centrally placed between the two.
In theskull articulation with the vertebral column the fulermm
ja entral; when we stand on liptoe the load is central; When
we held a book in the hand the power {muscle) is central.

Vertchrateanimals have the slkeleton internal, invertebra-
tes haye it external, ns in the lobster. Al thres paris of the
gketeton, (Lone cartilage and ligament), are constructed of
eonnective tisgue cells and fibrea. In vertebeates the bone
has a special arrangement of eonnective tissue fibres and live
salts gre precipitnted around ihe fibres, especially triealeiwm
phosphate.  The bone cella ave fhroblast= and bleod forming
cella. The hones are the manufecturers of Bood coflz for the whole
body.  They produce one malivu miflion new red blood cell 0 doy.
They tdsa mannfacture white Wood cefls, Beavenger ansl Iat cells
ars algo present in bone. The white eclls constitute 3046 of the
weight of bone and give it strength --doulls that of aal.



Bones are elastic when fresh but the clastie fibres e short
lived aned bones of old people are britlle and casily broken.

For the composition of bhane see your physiology.,  Tri-
caleimm phosphate males the honcthard and rigid. A cubig
ineh of Bone will sland a erushing Toree of more than two
tone,  Thiz ehemieal i alwest inselolde in water aiwd blood
flaids, It is corried o the Blead vessels in the ssluble salt
ealeion hudrogen phosphate vl in the bones elianzes (o a
tricalivor salt.  flel 1 say be ehnged slowly boek agoin dady
the sofofde foro o tleds the ceenve of Nfe, chonge, growth and
discase of bone.

In the child before its second yenr the bone salts are
corslantly clanging buek and forth,  The equilibrulm in
babivs 15 ensily disturbed.  Sunlight (ultravielet ravs), liver,
vod Tver oll {vitamin D) moakes insoluble ealeium phosphate
and lenee tore #igid ones. Lack of theee iInfluaenees reanlis in
riekuts and other discases,  Solulile lhne salls are necossary
in the body. They assist museles to world, the heart to heat
and nerves to carry impualsce,

The bone fias three great funetions; 1. to sapport anud
protect the bady: 20 inake new blaod eellg; amd 2, it is the
resceve of tricalein phosphate, _

The nuaber of separale bames inoa 40 vear ohd man (8
206, Ina borol 14 years tneve are 2300 separate bone masses
in w baby Doy theve are 270 masses. There ave af vorions
tirnes ruore than #00 pasis of bones swhich wlbimeaicly Tuse.
New bores appeay dn at hody wp o 22 yours of age. At every
age up to 22 the number of bones Jdiffers in girls, Gliris are
Far abead of boys in bone fornalion,

Pones are long, zhort, flat and frregular, They show
on lheir surfeees processes, ridpes, spines Lubereles, pits
gprooves, noteius, and eanal:. Long Lones ariiewlwe wilh
other banes at their ends (enlarped).  These Iarpe cds make
joint surfacez larper and offer mecre sueives for aftacehownt



— 124 —

of tendons and lgamonts.  The shaft of long bones i3
hollow and usually evlindrical.  The shape of shoet bones {9
determined by their mechanical requirenients aod artienla-
tions,  Flat bones fora coverings for deeper stroctures, e,
the skall rovering the brain.  Treegular bones of the foee
support the brain ease and G in irregular spaces between
maouth, noge, eyes and cars.  Many of these are hollow and
eontain alr spaces connected with the nose. Al sarfaees of
bones are eliher covered with periostoim or joint cartilage.
The periostenm is a tough [ibrous eonnective tissue with some
clastic fibres. Tt has many biood vesgels and nerves and to
it tendona and Hgaments are atiaclusd,

Hales at the ends of long bone and on the feee surtares of
short boneas ure for exit of veing to carry away the new blood
colle formed in thelr interior.  Alinute arteties In greal nane-
bera enter bone from the periosteum.

The internal straeture of bone iz rovealed by cross gections
of the bone. There are coinpact and spongy bones,  The
cxterior is egmnpact the interior spongy,  In the spongy bone
are cavites full of marrew. here the blood cells are fornned.
The centre of e shalt is a great morrow cavity,  The plates,
spicules and rods of bone are laid down i developiment and
are mechanically adapted to withstaod ateain (See histology
for study of finer structaee of bone and a full wndersfonding
of the Fleversiom syatema),

The growih of hone iz interealing,  Bone is rigid and
hard yet it grows rapidly wp fo the ISth peor.  TUmay endure
iin the grownd for 300,000 years, Bones are in constant use
while growing and sl be hard and vigid enough to support
thegrowing ohild.  After growth has ceazed, even in old ape,
in ease of fractare there iz sulficiont growth to repaiv ic. Wo
lnow bingd eonstantly dissolves Bone and repairs it; and
phosphates and vilamio D, make il strong and solid, In old
apre the destructive activities are greater than the conatroctive



S

activiite= and the bones beeotoe orittle ans] porams, are en=1ly
injuered ad doonot noead wdl,

I the fiest zoven weeks of 1fe Gw fouman vinbryo Dias
eartitage onby, shaped as o maodel of the Tulure bone. 'This
is trie of all banes exeopt sone ot 2kuli boves which are
forined in conneetive tssue et b, At the end of ibe
speondd neoittin Al embiryve i= A00 e o Dip oas oot the
beminning of that wonth. The bedy o then oowe fueh long.
Tilo Tevnroe 3= 05 el fove S the odaly 130172 dneloest, The
Franir prows DES thes ibs #ize Detween the aees of 300 days
sind T8 vewrs, Boelow, o gencral, Che Bt 15 dfsessed, .

It grows by using the ofd tissne and replasigg it by yow
tizsiee. The st bone tissue appoars in the fenar st age of
IO davs,  Belore this it was all eactilage, about the 45 doy
tha tizsue in Cher asddefle of the cartiiogze bogins o =oals upr e
[

The eartilage ceils enlarpe Ul contaderone eos e by dissaly-

salts and Lhe eartiluze beeories rigs:dl ol ceases 1o arawih
it dhepr wallz, Adirecend eqeiier e comueeted  beootliwise
arel Ahe eells divide o Lew i The canaceiive (=sue
surtoundbing bhe oearfilagpe clanwea, I oells increase
it or and avs down o e eartilope soefne o0 mesbranogs
baarnd,

Tivis funal bl Hret ostape of bones Woue s e 18 s
el el tran=parend ;) thel eonneetive e Bures appeng
ared o heeasees o fibrons nrensheane whin 1any entipective
Uiszie eodis on Us outer soefaee, Linee zaite iodilteade 1, all
araund Ehiercll=. Thismmbestree bone. Meanwhile another
laver forms gulside e flist with the saoe ehanges, FPhos o
enff of bome of o'feriate fageeool fllees ool ecis Sagitested with
fedeedeinny plfengphale §2 frenead ol e cenive of coetitoge,

Tl endf extends towaeds both el and geds Ueicker b
additional lavers on = ouler surfaee. Blood veasels ran
botwoeen the luvers. The eoriBaoe collsdie and beesane liouiild,
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Blood vessels enter the cavities thus formed fromn the vossels
of the cuft of bone.,  Near these vessels the eartilage dissolyes
inall directions leaving large irvegular eavities.  Youwng con-
nective tigsue with aelive eells comes in wilh the blood vessels.
It proceeds 1o lay Jdown on the inner surfaces or sides of the
irregular eavities layers of Lone.  The ends of Lhese cavitics
ave not walled 1o by bene, just the sides are so coversd.  The
blogd vessels vxtend throush the ends towards both ends of
the hone,

Tlhere are thusly three processes going on; e, the coff of
bone; b, the cartilage becaming caleifled as 1t dies; and, o,
the iu‘-.‘:uli]tlg conneetive tizdue Into the cartilnge cavities and
changing inte bone. A1l three advance with equal speed,
The centre at whicl all three proccsses begin iz ealled o
Heentre of wssification’ .

As theae processes procecd the cactilage grows Tast at the
ends, It grows faster than bone in thickness as well as in
Iength. Al long boves are lager at thelc ends and bave o
sort of domb bell shape.  The bizg ends are of cartilagn until
a week or two belore the baby is horu.  Soont they soust
change after bivthy, oc, the geowing balye could not =i, sland
orwallt,  Cartilage cannot support weight lirmly.  The bones
musk 1ol Lol therefore the rmpid change Tron: eartilare to
bene, exeept for a thin layer on the joind surface,

II both ends and ithe middle of & booe ace bony =ubeta-
tiess Do o Pl bone grosy i lengthy? Tt grows in {liiekness
v tlae depozil of sucecssive layera ander the sarface of the
perivstewm,  There = no periosteam on the the ends of long
bones,  These nre the ends in the joint and are covered with
wosurfuee loyer of cartilage Trong which 1he bones do not prow,
The growth of « Bone fn fength 4 covvied on | by the fuferpo=ifinn
of 2 disce of cartilage onz wf cuch ond, thiongheut - the period of

growcth Le. up fo 260 yewrs,
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About 2 wecks efore Bivth there appears in e earlilage
of the lower oul a contre of ossification.  [§ developes like
the first onebut more stowly.  The 3 proeesses of hone forma-
Gon exctewed in hoth diveations, dowiwards (o U joint end
anel upwards towarls the other contre of gssification. Tl
lower eoad bs not Far awny, bat the Bone fornation never
extends gquite to the end. A thin laver of cartilage porsists
in the joist ueti] worn away in extreenw old age.

Tl upwared teend of Mg eentee and the dowoward ool
of the eenlre at the quiddle of the bone prosesd anid 2hould
thew taect there woulil be complote s ficition aodd erowth
wollld coase ar their goien,  But there persi=t2 o di=g ot
cartiluge at the <o e lad guiphyed Tie. This dizoe grows al
its eantre Lot neeach faoe it 12 dving el heing destrayed.
Specdy oontee mrewtl Drsiees T2 Dfe aned i keens this wp for
2O v o 2onuew b Jongnor

Aot six wonths after Bisth g ehivd eenlve af ossification
st ab e npper ot of the fowte. He upper ond bes
canws hony exeopt Tor the Jeint suvface und for the cpiphyseal
I,

The dizges al cartilage ol the cpipescal Hoe are thas i
portant wnd precioas, Beeanse ol thei strgeoies aoe espeeially
anxious abaort injurivs near thent 0t persons ander 20 sears
of mgre Secriag focjorey iapedes growthe of the Doae Dakeegih . Thoe
artosnint of growih thal ocene= after bivtly, in the Temur, is
13 tnshes andd of this 13 mehes taloes place at the epiphyseal
regicns, The activity in growtin deereases greatly between 15
arnl MEyvears. At 1T wears the upper lisk beceniues os:ileed
ard joine wilh the shafl, and at 20 years (he lower ened unites
with ihe aentee,  Thers a8 wore growth b e bicg eudd e o
die foip voeed of thie fearnes I all Bonwes oesiticatinn connnenees
catritor e persists aber ab e ome aelive el

The crowtle af the booe o thieknes soes oo Ly deposi-
tien of eirewmsforcntial Levers aroond the outzide andil thee
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bone attuinsits full dioncter. 'This proeess, uniless modetied,
wonld result in a heavy eowmpaet solid vod cxeept for a small
cannl along the axiz.  Now solid rads ave nob as strong as
thinner walleed by of the swone weight and lengzih,  The
shafte of Jong bones boeome {ubes by destvoction of e
internal savface of the bone. Growing on the outaide and
lenetl the bono at mumne time is beligz exeavated on the poside.

This is effected parifs by the loops of blood vesscls in the
mterior.  Lime salts are dissolved fo proximity to siuall hloml
visacls with active clrealation.  Other active excavating
agencies are groupd of conncefive cella,  From 2 to 40 or
mote ffivoblaalserae intomazses,  These collz collod neleocfinsts
destroy tive bone, Tlhere appear to dnll fong tubular heles
lemgehwise throuph the inner surfoce of che bone, Young
eonnective tizzue cells and blood vegzely enter these fubes awd
put layers of bone on the walils, theze may be 20 fo 30 of
these layers.  Thus the Adaversinn systems are wtde runaing
fengthcise.  Later on more osteoolasls destroy these syslems,
exeept the outerimost enveloping layers esenpe the destruction.
Oueoclastz are active theough life.  In old aze they peo-
deneinate and bones become porous and weal and easily
iractured.

Thronghout life frvegnlar cavities exist inthe botes,  1n
these eaverus wid thelr eonnecting galleries the young con-
nective {iasue hag another task besides the above mentionesd
duties. They beeome bone marrow and forne cvery day one
million-million red bilood ceils apd maoy {howsands of while
Wloscad celbs,
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THE PELVIS &1

Differences Z2 50 in the Muale and Femnale Pelvis.  The
pelvis is formed by the right and left oz coxae 0, the os
BUCTILIN é}i'ﬁ', and the oz cocoygens B4, In the pelvia are
two subdivisions: (1) An upper part which lies ubove the
plane of the tleo-peetineal line SEEMTFAL.  (2) A lower part
whieh lics helow this planc.

The apper part, formied by (he oo iliaen 384 avd pan
of the basis ossis sacri JEEEME, is known ag the pelvis major
KB, or Inlse pelvis. It bounds the lower part of the
abdominal cavity and affords support to the abdominal
viseera BEER.

The lower subdivision JEA iz e pelvis minor or true
pelvis,  Inm it are sitvated the:—-

«. Lower end of the alimentary canul ¥t

&, Urinary bladder B RE,
internal genital organs in feraale,

i, Ttart of genital apparatus in male,

Avpertura pelvis ruperior (pelviz inlet) is upper opening of
pelbvis
Apertura pelvis inferior (pelvis outlet] s lower opening of

L]

minor.

The plane of the pelvicinler s wery obligne and Iz
inclined to the horizon 80-680 degeees T such o way that tie
openiug leads downwards and baekwards frone the  pelvisg
ranjor Lo the pelvis miver.  The brim of the pelvis or boundary
of the wpertura superior is known as linea ferminalis 8% and
consists on each side of a pars sucralis SFERRESE pars iliac
Sigereg and pors pubica SFEAMAAEHE  The pars sacralis
passes putwards: on each side from the promontorium to the
anterior odge of the sacroiline artieulation, and forms the
geparation between the bazis ossis saer and the facies pelvicae
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of the og sacrum. 7The pars iliaca is formed by the linea
arcoata and separates the fossa ilinea from the pelvie aspeect
of the ilium:. The pars pubica is mainly formed by the pect,
ossis puabis aml the postertor part of the upper edge of the
public bone elose to Lthe symphysizs B8,  The cirewuaference
A of the superior angle js greater in the female than in the
male and in the male the aperature iz encroached upon by
the promontarium of the sacrum to a maeh greater degree
than in the fermale,

The form, size, and inclination {3t of the pelvie brim
of the female skeleton is Linporiant.

The diameters of the opening are transverse, obligue,
antero-poaterior.  The transverss is the longer, average length
ie b 1/4 inches. Antero-posterior, the shortest, also ealled
conjugate M B i3 4 1/2 inches. Oblique has average length
of 5 in. The ontline iz oval, In the malealt these diameters
especially the {ransverse are emaller than in the feiale, and
the outlet of the opening 13 somewhat pointesd anteriorly and
*“heart-shaped’’ owing to the feeward projection of the prom-
ontorium,

Aperturs inferior in outline iz very irregular.  In the
dry gkeleton 5 bouy projections avound the opening: —

a. Tip of cceayx BRI posteriorly.

b, Spina ischiatica B8R, two on cach side.

e.  Tuber izchiation AFFALEE, two on each side.

Separating these ave the Inelsura ischialica major and
minor 488 A A PIEE on cach side and the angulus palis B
% B or suhpuble angle in the mwiddle line infront,  On cach
side of the oz corayiis a part of the boundary of the apertura
inferior ie forimed in the dry skeleton by the lalersl odge of
the Inferal part of the oa speruin.  In the living subjeet the
~boundary of the lower part of the pelvis is to a large extent
formed by the ligamentum sacro-luberosum REESGHERTE and
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sacro-spinosuwn I BRSL M, or greater and lesser suero-sciatie
Lgamens, which pass from the side of the os sacram and os
cocoriis Lo the tuber isehinticam and the spina izehinticwn,
These lipnments bridge aeroes and eonvert the ineisura into
Forising known as the foramina ischiaticumonajor and minoe

SN K AL

e e e g R ———————— e =

COMPARISON OF MALE AND FEMALE
PELVES.

BiFRZE

1. In female the inferior aperatnve is larger.

HETOEX

2. Tuberiselin les faelier from medial plane in fomale.

T AE MR B

3. Spimis of ischium points legs inward in the female.

LB WESEDRN

4. Tip of cocoyx tilted less forward in the fomalo,

KR gRPian

. Anple of pubie bones preater in Female, and less in

mwale.

LHEARRBEA)

(5.  Incisnra itschiatica wider and shallower in female.

248 ) 48 AL T

7. Cavity sharter and more roomy in female.
% IRRERM TR R
B, O gnerwn wider and shaorter in fetnale.

/a1y s )

8. Female pelviz s o whols woighs less,

REZMBENHEE

1, Bocfaee of the bone 15 sirood ler i (he fomabe.

EAREA GRS
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11. Spina iliaca are anterior and superior in fernale.
SR AY L

12. Crista iliaea iz further frowmr resial plane In
fernale.
SRR P IE

13, The tuhercle of pubisis further from nesial plane
in female.
RO E P eE

14. The length of eyinphysig i3 shorter in the female.
LEYERB R

15, The facies suricular is smnoother in the fomale,
gy B G

16, Buleus for anterior saero-ibac ligament 1s decper
in the male,

FERE M 2 BB

{Notea from Elliz “*Man and woman?).

The pelyis conatitutes the unst undeniable conapicuous
W and unchangeable REE#8 of all the the bony secondary
sexual characterz.  In lower races differences between male
and fernale not well-marked viewed from behind.

The pelvis has developed in Lhe eourse of human evoln-
tion, In some dork races it is ape-like in narvowness, It ie
the proaf of high evelution and fhe promise of eapahble
madernity,

In men and somen of the smine heipght the gicth j]]\_ﬂ
of pelvis i3 as much as § inehes larger in woman.,

The girth of thigh is st constant and absolutc external
measurement, constantly greater in woman,  Itg size largely
depends on size of pelvis.

The pelvis of animals forms an arel which supports the
- posterior falf of the body, 1t 1= at right angles to the weight
bearing axizs and areh i3 free for exit of offspring.  In man
ihe pelviz supports the weight of the whole trunk, and the
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weight falls in alwnost the same line as axis of exit from the
body.

The adaptation of the pelvis 1o the erect posiiion beeomes
a very delieate adjustient BE® of plivsicnl forees, and as
this adjustinent must be greater in wonicn, it i3 in women
miore Biehly developed thar inaoan whe vetaing more aninal-
like ehiararters,

Hewual differences in the pelviz beconte wnrked ae soon
as the bonea begin fo ossifv—i. e, 1o dih wonth, Duaeing Toetal
B& life the cssential sexoal eharacters are ag well defined as
in the adalt, and diiferences whiclhh ocenr during  prowth
between adult and foetal forme, due it may be to the influenee
of prossure or museniar action, affect Hoth sexes alike and do
not aceaunt for elurasteriztie features of e female pelvis,

Comparison of the broawlily of the pelviz with its Teagth,
we (g 1hat with verlebrate evoluiion from lower animals to
Europeans the pelvis haz constantly beecome broader in
relation te lengtl, and o worn oore than in woan., As
wo rise in serics the pelvis enlurges, becomes ample,

Breadth of saeruni in womsn shows higher evolution.
T apes MERRHE wod lower huinans it 2 long sceaight and
narrow. Ui swecst podes or deweoe of breadih show o
progreessive cise from Hottentot fo Thorapean,

Exiernnl hndication of =iz of polvi«, o lueenge-shaped
PEHERR space on surface of spevum —lderally two diaples
covreaponding to poast. sap. spines of  Jum,  above  the
epinous process of last lombar, and Lelow wheee gluleal
fissure ¥FMENIZ begins,  Fome consider these sccondoey
soxual characters.

Bolaiion of peleis fo spinal columen resulis from forees
wlhich influener or modify the adoption of the complooedy
ereet position.  Verticality SBHL iz in dircet ratio with evein-
tion and noirition, while horirentality KRR is in inverse
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rafio. The apes are but imperieet bipeds FFRF with tendeneies
towards the quadripedal PI atticwde.  The hunuo fofaot
is as imperfeet a Biped asan ape. Savaze races Ao not stand
a5 erect @3 civilized vaces.  Country people {eod to fean for
ward,  Women are mnore eurved forward than met,

In verticality the relations of foreur, tibda, and a=tragalus
555 are compensated in the degeee of curvature in spine.

The earringe of the fernale has o sinuoss oharacter and
n forward tendril-like motion in contrast 1o cgel eonvex
(almo:t) earringe of man.  The head of femals tends to fall
forward.  From ebildiwod the alall iz slowly tilied {8 wore
gnid more backwards, tlms more and more wetght behind,
The female skull iz less Eilted baek than the iale, thus more
childlike. The head is rore tilted forwand in femuale and
the pelvig tilted farther back. This ia due to o partial arrosg
of an infantile WHEERY characterisiio,

The angle forrned by the supetior plane of peleis with
the horizon when standing s T07--8F in inlfante, 507--537
in men, 53--807 in women,  Thiz inclination better snpporta
the pelvic contenia, When the anzle = =naail thers is oa
tendaney to nterine prolep-e, Haelal difforenoes exizt in
women, In Mexigur women the angle is 60--G3°

In harraony witl: this the zous appesars Barther Lack and
nearer the comeys it warnen than in men. 1o apes and in
goane childron there iz o Ione distonee Tetworr anus and
eorcyx,  Ioozone African rovez Che vaginn i2 <o direowd back
thet thev praciice quadrnpedal coiius. O loranthiropalogiata
jdged inelination of pelvis with divection of uinary =frean,
e.g. Torwards —huwmaulike, backwards-—amimal -file.

The inelination of the pelvis 1= related toilie sa:ldlebaek,
or lumbo-sacral eurve, whicl I ite cxogpecatod pathologieal
¥R form is ealled [m‘dnﬂis_#ﬁgﬁﬁﬁ, This curve g ondy

alightly marked in the ape and docs not exist to the huaan
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cmbryo, 1t is one of the sitperior gualities of 1w African
races el appears to he inereased by asoseular wetion of the
back, a3 in rowing upright, and in carrying ehildren on
ipa. T s more pranounecd In women Uan toooen, and s
well marked in Spanizh GEA ol Crente HEEFZ4H A
Lonilo-vertelwal tndex =liow  lemnbenes fo o cuevature.,
chitepange 1177, native Awstealian,  [05%0 segra 103,
Boropean 96%. (e doweor e wpenber (e Frwrier b
eurve) . The ecurvature 8 o oases on e whobe as we
gacernd the seale of maees of man, and fewls (o ke greator in
women.  The degree of eurye s in propoction to ineiination
A3 of sacrum and prominence of the buttocks in relation
witll thi= szaeral obliquity and i an wlex of -finetional
wiibity, Seerl obliguily noey by daescither to {13 aenie saoro-
verteblal aogle, or €2) oA proncanecsd buular corve,
Compatison af geealer enevatace oo sl wonoeen:
(1) Belutivelv greeaner Leogeloof Tl rogion in woraet,
(2} Curve beeins Ldgher amd attaio= i3 susarii al o
highee peint i owoowenr (s witl gresdor relalive size ol
abdnbian fics e for naaterniie
(30 Dnowonnen i henbar nesion 1= A32.85% of whole
eoduni, et 3% while darsalaeetian = 15,55 in een
and ARG o wornen, T the Taenbar reg?on 1 woned iz
Lonvsmer senel 3 tmenaddesdd oy o J0 eennt plamed B nnee e hied
anel verteivce wee memhle D e sl e aeebs Tois nmae e
aeenunond for Ly dilferid fabivs ol the sexes, No onther part
of spive iz mare readily moulded b Tunetions hooaase it s
tliere we dtve 1o greadest degree of snperineambeng proesaane,
toeenluarg conehales spinal eolumo 12 shortening 10 man.
The anees o) AR Teom Bal 25 teovea! o vorlobras wnderior
Lo spertmy. Now there wee 24 ed thoee will e 2850 O the
transvorss proveas of T=5 lnnlar ol fouas 15 o enriiluginos
rudimend of a viby whicie fuss wille transeerse proeess. This
sylggrestianeesival trpe Foundd Toogibbon, 133 ribs wel 23 move.
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sbie veriebrae.  This fype is sometiines found in man today.
The eolumn with most reducod number of vertebrac always
oCeluls In wotreh,

The Immboazeral region of aspine becanse of ite position
of very unstalile equilibrivim may exhibit both retrospestive
and prospective variations. ’

Wornan’s body secims (o be wore reminizeent of guadru-
pedal posture than man's and there are veazons.  In Loth
sexps pathological #¥31% snd unwholesome AH R condi-
tions have beenn enemiraged or produoced by erect position,
e.g. hernia, stone, appendicitis, BBR R vacicose veins, ex-
posure of great arteries to injury, torpidily of gali bladder,
_ﬂﬁi greater constriction HE of lungs honee loss power of
long museular exertion, liver disorders oo aceount of trouble
of lifting blood theo’ wena ecava, and tendency Lo syneope
#wf]. Womoan shares theze disabilities with men but also
the erect position seriously affect sexual organs and very
definitely interfere with inaternad Funetions.  In the males the
erech position only shightly affects aexual argana, c.g. serotal
varicosity J@ A, and exposure to injary.

In the quadruped partarition ZBEE s comparatively casy
the pelyis alers no serions olstacie.

The shape of female pelviz iz a vesult of compromise
heiween forces: . suppott.

. case 111 delivery,

We must remember that along with ercet position the
Licad of ehild alsn inercsscs, thus stil another obwioele to
delivery and to adaptation which might have olherwise tuken
place.  The strueple has been fieree, and no wonder death in
childhood has inereased in the lhgher races, and woman seews
to have suffered more than man in the npward strugel:.

In no other animal 13 1here such a distinetion between
the pelviz of the male and Toisale,  Uterine displacements



FEWEBEAE are almost anknown in quadruped.  The
“knee-elbow’ " position belpe to restore Lo norneal position,
aind iz decidedly guudraped in character.

The erect position placed valuve inan awkward dilomnn
SESRAEE 10 1 necessary for the stability of the body and for
the support of arguans that the booy girdle be strong, had,
and tnner channel small, Bat for the bigher evolution of
the raee Lhe bony eirdbe must he less stalide by Che inesea=ed
size of oltilel to permit bicth of Taeer honded ohildren,

The most delicate adjustooent $&EE = requined to
prevent theas direetly apposing necessitice From condlicting
with cach otlher. While the adjustment iz pol absolutely
perfeet, wnd we suffer from disadvantages of biped position.
The higher dovelopment of raee has eanseid, and will exze.
an incrcazed expansion et development of pelyis,

Table nulieating levet of the woie fapertant =traciores:
o vetation t spines: of Vertebgo - (CI112)

R
Spines of Vert. Cheieerni o Sparoedd Lowed of offer Stepetipees,

Nereee,
T Corvicad 2 Cervienl  Holt polade,
2 R | ” Tathamee of Foees 8.
0 H i H Upper part of cpiglotii= SFEEsk
.

4 . 15 HE Voonl folds.
o s 7 - (o elnsticws K SE A (B 8.
i i P " Areh of thoracia Jduel BT and

cotnmen et of frachen &
HURO[,

- [

1% 2 Thaeneio, Inferior eod of cervieal eularge-

tiend of wpind tedolla,  In-
Fericr cervicad gang of =yin-
phntleibes,

dpiees ol Tuges,
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§ Thoracie. Stunmit of arch of subelavian,

4 il
Akt
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H Ce
9 [
0 H
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1 Ipmibar

2 lumilar

;

Median angle of scapuala.

Juszt above level of Lighest patt
of arch of worta,

Koot of spine of scapvia.

Arch of vena azygos AY FADR.

1lighest part of inf. lobe of hing.

Termination of arch of aovta,

Bifureation BAHF of trcheu,

Lower limit of sup. mediastini:ia
ERpaEE

Anpulus sterni.

Comunencenend  Jdese.  thoraeio
aorta.

Eronchi.

Superioe liwit of heart.

Centre of roof of lunge.

Mitral nrifice.

Tricuspid orifice — .

Inferior augle of svapuala.

Ortfier of inferior vena ocava,

Right arvell of the diaphrogm.

Lowest limit of the heart.

Left arch of diaphragma,

Fanduas of stoinach,

XNiphi-sternal ariteulation T

fll5E

Superior  bmit of spleen {8

Cardiae orifice I of stomach '§.

Upper end of lambar enburge-
1ent. :

Lower bovder of lung posteriony.
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Apex of splecn.,

Superior end of left kidnaey H.

Lesser ocurvature 3 4 8 of
stonnes.

Lower limi{ of plewwva JRBE ot
viert, eoluinmn,

Suprarenal glaml B_EIE.

Bupertar end of [ Kidiey.

ody of panereas BB,

Leswer curvature of stomiach,

Conue medullori: FRRg 00 3.

Lower limit of pleura €mid-
uxilln.}

[ilo od lichier.

ilead of panereas.

13, Hexure B of colon.

Porial vein.

Deseending patt of duodentn.

Greater enrvature of  wtonmich
HAW

Bile et

Lovelat which pleaen erosses 12
rify.

Tod vior et of spfeen,

L. {lesure of colun.

Superigr part of Leawd of pan-
creaz. Pyiorus 9P

Connueneeicent of aierus 425

Eaower part of head of panereas,

[ufeeior 1intit of spinal aedulln
THEH of child,

Ledvrior eonds of Lidiwey -
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Haorizontal 2K 8 poart of duode-
num G AE.

4 o Highest part of erest of ilivm.

Bilureation of aorta IR A,
Uwshilicus B,

5 Connnon iliac arteries.
Valve of the colon.

1 Sacral Sueral protmontory EESAE .

G i Lower end subdural space BE
R TH, ,

5 b Superior end of ghiteal clefe.

Inferior limit of sub-arachioil
BE i & T B oand suls-dural

spaces,
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CARTILAGE ¥
( sec Joints pi. 2

Chitifige J2 firm tissne, very elastic and can be frecly ont
in all directions, it bends readily and returns o its original
ghape when pressure is removed.  Usually it iz of blue-wliite
ar yellow calomr. 1t s opalescent in thin slices bat is opague
when thick.

Cortilage 15 surrounded on its ontside o1 external surface
with fibrous tissue whiclh containg blood vessels, there is no
fibrons tiseae on the gurfaee of the joint cartilogoe.

Cartilage 1s found eonnecting the ribs with the sternon,
the joint surfaces are all eovered with it; and there are dizes
of cartilage betweoen ihe vertebrac.  Bone and eartilage nee
closely conniccted with each ollier, they and lignments are
coraposed of conneclive tissue.



Conneelis tisste may way be soft tissue like wet cotton,
or hard as ineartilage, boue, liganenis, tendons or fascia,
It eontam= white or elastic tibres, the amount of which
depends o the strongabe or elasticity that i@ reguiced in its
lsi.

Whenever  elasticivy,  UDexibility, uoderate Jirnmess
cotpres=ihility, fotal kel of =ensthiliy or rapid growih witih
ne Blood vessels, s reguired, chere one finds cartitage, o .
in the thorax where vhe vk Ioin Hee sternant, every move-
tiend ol respiration and broevery twisloor movenoent,  the
Leonlv sneedds cavtilage. Decatee of this yieldiung anality dae
wroaatbiligne e throrax way be eompressel g geeat deal.
Tlrouwgit vartilape the body riclds soemewhat to Dlows and
eutnplession suel fractures aee preveniod,

Clartilgee 1 Coutend wn e epneds of donur Termes mend el us
Luthiers o =hopk abzorher<. Tooie Faund 10 the di=cs of the
vertetnal columm whers 1auels Twistinge ooers,

Cartiloge supporis (e voze nd caes, B 12 also founed in
e teaeliea, Dronelial tubes and Tarenx,

By the Towest voerterbres oo =arks and sblrgeons b
ix the only supporting =tructuee in thetr body,  Wherever
ranid wrowth 15 required thieee caritlage 5 Do e o the
HELRIEN HﬁE

Wliers copnectingg Us-tie s colipresseid 80 feds fo beonone
eatetilinge, Tlue change o the colls ot oee to the oller is
tot great, the wlowe ithres Become more elastic amd soue
altertion i e Ussae oid ooeurs. Do ihis change the solls
develope fut pariielos and glyeogen; the mtereellnlors Jheid
(iv2e beeotnes maens winieh buodens into o szi-transparent
pnaterial peculior o cacsilagne. This muoeus 2 conbined of
aevernl clwtniowts (oo albuowen Uike whive of epetand another
allmimen which sots Into s glue-Tike jolly o materinl, T
horn, sl an ergonie aeld).  As the cartilage zets the orpanic
gkl cornbines with sulphurie acid then 1le wlobe oass 2o
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into gristle and Aonally becoowes cartilage.  The cartilyge celis
are embedded in this matrix amd 31 0= Ineorporated into all
fibres white and elastic.

There arc thrvee kinds of Caebilags frdina, % Al
titage §3 @ W & and ofssic.  Thedine, (glase), bas many
white fibres which seom homsgenons, bat by treatinent with
chemieals the fbres are seen,  This kind i= eoinvion on the
riba and in frecly moviog Joints.  Fribvo-contdage, Tlore we
find mony white fibrez which ave eoprze Jamd visible, It
i ppague and is Tound in the diaes of the verlebreal coluan.,
Flastiv, here most of the fibres are chastic and henes of 2 yellow
tint.  Itiswned teaneparent amld is very doxibla, 1 bs fowd in
the ear and epiglobtis,

Nutrition and growth of cartilage. 1o all its Yoaeas, the
celis are imprisoned e are izointed bat alive mvl growing.
They are noorished by flulde which sonk thraoeb (he cavtil-
age.  Curtiage hs no Bood veasels nor fymph vessels.  Cartilape
takes up Ruids as leather soaka upoil.  Pressure (tntermittent?
azzists 1 diffusion of the Suld,  In joints the cartilage with
10 blood vesselz to be injured, and with nkeriuitient pressare
applied (as in walking) favours the (low of the fluids.

The encasell cells grow and nmoltiply, the whole mass
graows ncluding the eells.  Young carttlage prows with great
speed.  Growth iz necessary to early life. b grows porcily
by adding new cartilage to ita surface.  Cartilages arve eovered
by a firous envelope, this iy vaseular and from i nourishe-
ment Is given to the cartilage. This covering forms new
cartilage whicrl is constantly being deposited oo the surface
of the old cartilage.  This vovelope covers all earttloge execrpt
on joint surfaees and where cartilage Joins the bone.

Cartilage aise grows by interstitial growth [, in tle
interior of its wiass.  New molecules are being adided amongst
the old ones, abl the old and new ave Deing adjusted =o that
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the mencral shope of tlee s reiaaing the sane while it s
mmerensing in sice i all diveetions, The eartiluge ducing this
growllt =eems to beemue almost as o Huid,  The cavities, in
which are the cells, geow larger, o cell divides into two eolls
and arve sepavated by aowall of the geoera] substance and cach
{hen is i its own eavity,  Sometimes stoalbl groups of eells
retatn in obe eavity,  Whea (he carlilage get2 old it tends
o talee up exleing salts and sonte eells pel procipitated (ol
Thus itz flexibility MR and chsticiny 83 are tost and it
boeones vignd. These galts appear bothe larynax ab about 20
s ol e aid i other parts ot vavving tines. They never
et 10 efastie enrlilaome,

Ceni filerge frox o nerves, 2o ane does not feel pain when it
iginjured. Thisis fortunate a5 in Junipitog one’s whole weight
eomes with foree on the gt enctiluges but the eartilages
abmorl shock und do nel feel pain, The sifeee of cartiloge
ha= meweeln wessr ateed teor ancd §f woast prow to constantiy
repluee lost salstance.  Fhis iz done until in old age {30
years) someitnes the eartilage Tails to grow, and it wears
away, bare bone meets bare bone, und 1he joints grind, ereak,
Ltien il ave Tall of paimn.

Bope grows from voung eonnegkive tigsae, he, from (he
st orkpin oas cartilage,  Interaittent pressure tends  to
forne cartilage, while an abundance of ealeiuen salts and eon-
nective tiasae tend to foro Looe o regions in which the
vireulation of the blood is slagpish,  In the conbrro, eartiloge
is formed in all the places in which eactilage is found and in
the adult, and also in newrly all places where bone is Tound
it adult,  Neavly all boues are fivst yaodelled in enrtiluge.
Only o few, r.g., the flad skul] bones, are formedidirectly from

counective fissie,



S T

THE SESAMOID BONES 5

These curious litile boues altract curionsity and aro
mostly lost sight of in the stady of wwtony. Thete exact
number, procise asociafion sud Tonetion are not well known,

The digital sestinalds are interesting and at least one,
that to the great foe, = ol practical zurgical hopoctanoe,
The patellx gEF 1= o sezmoid Lone., Toi= the Jargest of its
kind, ix specialized and i= nol iypieal.  The digital =ocaminid
bomes whoen fully developed io animads are small, shapuald like
datb-bells: are adbereni 4o the pabowre poace of Ehe cap=ule
of the mctacarpo-phalaggen] and interphalanzoal jnings: He
{ransversely to the axis of the dieiis ond sero=s the duuhb-
Ledl rans aogrove whicly acts asa pulley surfaee Tar the Hlevar
tenedons. )

In man where the developernent of ilese boes i nold
fuilly attained, there is no conneetion between the two enda
of the duwmb-bell, and there are two separate bones in the
most complele forms,  Fometitea only one bone s found.
These bones are developed 10 cartilage soon alter the thicd
Foctal B ruonth and remoin caetilagenous doving childhood
with the mssifleation beginning about the tiftle vear.

Their nnvaber varies, as many ae twelve ay be foood
in the hand and foot.  Xray examinations shaow (hem 1o he
Frequent,  Mearly slwars the bone ar bomes exist in the
adult af the floxor sarfuec of the metaearpo-ohalangead Joiot
of the thumb, Freguently doohle, (hese ossieles are adberent
{n the voler lipgament.  Ofcen the radinl sided Bone i2 the
larger,  Seomsewhat less fregnently fheree are foaond =ezinoid
hones at the proximal mterphatangeal joint of the thaoh,
Aseramoid botee oo the ulnar side of Hee soctaearna-plabangeal
joint of the Tittle finger i« very common,  Also thore neeurs
aboat as fregquendly a sesanaoid {o Lhe eadinl sk of the
el acarpab-phalangeal joint of the index Gnger.  Sesamobds
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arc rare in any olher sites in the hand, T the feet a pair
of sesamwotds at the melatarsic-phalungeal joint of the great
toe ave constandly found.,  Thege ave larger than those found
in the band and are as a role guile snll, Besamoids have
been explained as due to presenre, age, awd haed labour.
Frobably they are not due to any of these veasons.

I animals the zgesgmnids are always present in assoc -
ation withe the short intrinsie digital fexors, they arve prob-
able tell-tules of the former presence of zhort dizital Hexors
Yozt hrough evolutionary ehanges.

CIRCULATION OGR BLOOCD

("See Foened st fveeda i )

The bleod and blood vessels are essentint conimon eaprriers
for the human body.  The total length of this sestem s ap-
proximately 100000 nrilea in an adult man.  The moselos
have 60,000 miles of thiz total,  The blood servea 27 million
wiltion evlle.  The blood earric: food and oxvzen 789 within
the reach of cvery ecll. and enrries from each cell curbon
dioxide atd its specind produets aml waste,  TUatzo earrics
the bormuones, P AR

This transportation syvaiet b= nigue.

tat, Tt iz sobrerged in and earries salt waler. 835 of
the weight of the hmuman bady iz salt water and all eelly Hve
it 2mek IE s a continuous nelwork of tabes. 3rd. Al
the sysicln ig a eontlinoas ever-moving-eirealating thaid, U
blood. The blouwd halils to selation all food aml 1z esnapes
through the tulwes walls by little holes which elose auion-
lieallye  dih. All the work is done in the dark.

Thie Blosd in an avereze adualt has oo volumin of 15 pints,
1t ie constantly in eirealation.  1¢ 13 wade np ol blaod {luid
ane blood eclls.  The {fnid is ealled the plasma H and carries
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foed, hormones and cell productzsinsclution. It is constantly
recedring and giving up these substances but the exchange is
#0 steady and o regulating mechanism (kidneys) so efficient
the plasma nearly alwaya remaing of the same constitution,
The Blood carries heat from the muscles,

The component parts which comnprize the blood trans-
portation system are the beart, the arteries, the veins, and
capillaries. In the living hody every bit of apaee in this
aratery iz full of blood and eontaing all the blogd there is in
the body.

The continuons streant of cireulating blood poes in an
unbroken eircle or convae. It passes in encecesion from the
right atrimun through the right ventricle {258 of the heart to
the pulmonary artery and lung eapillaries, thence to pulnon-
ary veing, left ateiur and left ventriele of the heart, to the
arteries (exeept pulmousry), all eapillarics (exeept pulmon-
ary), all veing {exeept pulmonary), and back again to the
right afriom L of the heart.

Valves in the heart and veins permit flow only in ahove
dirceiion, There are therefore, as it were, two sets of blood
vessela —one for the lungs and anothee for the rest of the body.
We gpeak of the pulmonary and the general cicculation. This
ja an apparent or arbitrary differentiation for reasons of con-
venlence in explaining function or physiology.

For the smme reason one speaks of the system of the liver
or portal systemi,  In all these systemms the DLlood ninat go
through eapillaries in order to pass from arteries to the veins,
Fitvod Cellz are of 2 kinds wed and whie wilth very different
functions Red Cells number 23% million million. They are
apecial carriers of oxypgen and carbon digxide —their shape is
gireular and they are biconeave. The diameter of these eolls
ia 7/25,000 inch and their thicknesa is & of their diameler.
They pive a rad eclour althongh they are not themselves
individually red but orange vellow,
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They have no nuekel and are imperfeet cells goon to die,
Three wieeks is their maximnum of life 1.e. one million million
cells die in 24 hours and have to be replaced and disposed of.

In the eabryo BREE they are formed in the liver, spleen
wnd boue marrow.  DProf. Maximow showed that in the
interide of the bownes the papillary tithes expand into irregular
gacs in the spaees of lhe spongy Gssoe, The red cells arce
formed in great numbers in tlicse spaces Just outzide the bload
eoc.  As they grow they cxert prezanee in one spat and break
ithrough the walls into the blood stream, many Lthousand
willians each day.  The walls are alive and assist in this
pazsage, This opening repidiy cloges. The spleen and liver arn
the graveyards of the red cell=.  They are broken up chernical-
Iy and #tored temporarily and used again for other purposes.
We cat ourselves.

White Cet: B MLk These are less momevous than red
celle 1-G6G,  They are of 5 yarieties and all hawe nuelei.
Many are larger than red eells and are capable of slow inde-
pendant movement.  They are sirongly allraeted by bactoria
which they eat and digest.  These eclls will evawl out of the
body.  YWhen outgide the blood vessels Lhey are called wander-
ing cella.  In Laeterial diseazes their number ig doabled or
tripled henee in bised counts the nwnber is Impoctant for
diagnosis.  When the bacteria over-come the white ecils the
white colls are killed and we hiave pus.

It blows or wonnds which do not bresk the skin both
while and ved cells gt out,  The red onea make the eolour
which [cllows a bruise and the white cellz and connective
tizsue colls clean up the area.

The while eells doned live mang weeks,  They ave caten
up by ather white cells ¢te. especially in the wide capillaries
of the liver, spleen and bone marrow. B

Flotelets M) A48 In the blood are many millions of theze
tiny hoxlirg, They are smaller than rel cells. When the
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bioad comes in contacd with the air or foreign substanees
these platiets with the help of white blooad cells and the blood
plasma form fine waxy filaraenids, £k These beeome entanglel
into & &fod which adheres to the edges of wonnd and everytining
in the viginity. "Thia closes the wound unless it be too loege
and the blood veasel cut be toe big.

THE HEART

The heart 1s (he wmolor which drives the bload in a
coaselosagtrearn throughout (he continuauselreulatory systemn.
itz cavities expand and suddenly eontract.  When it expands
it receives blood frovn aix veins and when it eontracts it drives
blood into two arteries,  Valves permit flow in one direction
only.

Each contraction of the heart forces out five ounees of
blond, 24 into the pulmonary and 24 into the norta srieries.
It does this seventy Lhoes o minute daring wormal life. Tt
forers, therefore, under ordinary comditions 4,000 gallons
MiE o day throughout fhe body. It haz force encugh to
overcoine AT and musele pressuee, gravity and feiction of the
walla 1 maore than 100,000 miles of capillaries, arteries and
veing,  lo the larme avtevies s speed ts about 55 foot por
trinute,

It= u‘m‘k.is enormows—a person bring in bed fora daw,
the heart’s worl corresponds Lo eavrying o weight of 150 by
up a hill 508 fect in height, L oan athleiic contest it may
wark 8% fimes its wsual eapaeity. 1o oo day of moderate
activily its wark eorresponds to litting o man 1000 feet.  The
heart lies in the thorax.,  The sternam S8 s in front and
the vertebrae behingd . On eacl side of it are the lungs,
these are elastie air euzhiona allowing the hearf to expand
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and contract.  The apex of 1w heart is direcled dowoward
and to the left, its base upward and to the right.

The average heart fs Ave inches loug, 34 inches wide and
24 inches thiek, It weighs 11 onness. [ i3 enelosed inu
tough Hbrows sac, the perieardiun, £2##& which prevents
overdigtonsion.  Between the heact and thiz bag i a siaoll
amount of lubrieating ffuid io redues friction.  The heart has
four chambers, two, tho right and left ateinne receive blood;
and two, the right and left ventrieles discharge the blood.

The left atriun reectves blond only [vom ihe lungs and
opens into the lefl ventricle.  Its opening i3 guarded hy the
miteal wialve,  The left venteiele forees blood inte the aorta
and Lo the whole Lody exeept the lungs.  The right atviam
reeeives all the blond of the whole body exeepl the lomga. It
opens into the righl ventriele through the {rieuspid valve.
=428 TG ventriele forees blood through the lungs only andd
from thein it is retarned to the loft ateiwmn.

The vavities of the heart do not econneed diveetly, Kach
ling a capacity of 24 ounces of bloed.  The lining of each
cavity s sitnilae to the enpillory walls, It is o continuation
of that continuous inner tube of the whole system, it aleo
pxtends over e velvea, Ouiside the lining 13 the heart
nl=ele,

The heart muaele doea all the work of the heart, it iz
nol 4=1111:itl;-' thiek o all purks of the organ. The leyer avound
Ehiee deft 2 Iour tines as thick ag that around the right vent-
vicle boecatse the foomer drives Blood Lo the fungs only, the
Ltier to the rest of thebody.  The musele wall of tie strinm
is thin, in sitoply drives blood to the venteicle,

IMeart mmuisele is striped il acds guickly buat not as quickly
0z shelotal mnsele, Bty contraction talies three thes ag long-
It contraclty chethmically of iteell but = influencad and
reguladed by nerves,  The heart Hzell] outside the body, or
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bite of ife muscle, will eontraet for long periods if kept in a
proper solution.  This proves that it ia nat ealirely nerve
connection with the rest of the body that originates and
continues that contraction of heart musele.

The musele fibres are branehed and they join olher tlbres
intoe a eontinuous mas:.  The Abres of the right ventricle
alen conneet wilh those of the left ventricle —the fibres of the
right atriun are econtinuous, with those of the left atriwm;
the fibres of the atrivm are not connecied with those of
the ventricle. Dut they musl cooperate perfeetly in each
lienrt beal.  This la seeured throuslh the wonderinl poe-
chanimm of the buadle of Hiz FHWEHE. Contraction of the
heari muscle jn eaeh beat commenees high ap on the atriom
near where the'superior vena cava _FRERFRE enters. 1t maoves
from there towards the opening inte the ventricle. 1t forces
the blood All and distend the yentricle. If the wawve of
eontraciion went on it would eause the veniricle to contract
in the game manner as the atvism i.e. from top to boltom
Lut the valves through which (e vondricles force their blond
are i the upper pari of the ventricke and the blood must be
foreed feon the bottorn part of the ventricle to ita upper port
Lo, to the aoria and pulomonaey arteries. Now the force of
the eontraction of the yventricle is four lbs to {he square inch,
it herefore mnst e direcied to an opening.  The vendricle
fitrat contract all over of the some e, the musele af THs detugs
e vehond. This musele bondle i a eord of ernbeyonic miesele
Lisatie along whieh a condraclion wave woves guickly.  Lis
upper end 1= on the lower part of the partition wall between
the atrin and i passes down into e wall Belween the two
vertricha, It forks and one part goes to cach ventriele aml
spreads widely ovev the inner sorvface of the venlrieolar
mugele, At the end of the eoutraction of the atrin when
the ventrieles are full of blood this hand ddirecta the contracion
go 1hat the impol=e affectz all the venfricudar winscle of ance
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{hus the blood eterent i fowards the valves wiliieh are al the
upper not lower end of the eavidy,

The pressure contracting wscle s greal and eloses the
valves o the abrvig and opens these the aorta and polmaonary
arterics.  The vondricles thus suddenly diseharge their blogd
into the arlery. The eoutrsetion of the ventricle lastz 3710
of 2 =econcl, When it cveses, pressave in the ventreiele coases;
the valves in the arteries close swdidends and the ventriele
Leging to 1] again witls bload,

Croes e b the valves workiog— the fivst sound is moade
Iy the elosing of the valves bobween the atein anud ventrieles
and the seecud cound is cauzed by the simnultaneous closing of
the valves of the bwo great artorioz.

The arterial valves are each made of three poelosts.
These Hup= support one ancthier and they exn withstand
prossare of fowr pounds: o the sqoare inelr. The arterial
valves ane atfached al thoeir bases 1o fion fibrovs ring which
do not echange in siee et the valves detwern the etria amd
veniricles mnst close larger, constantly changing opeaings
which are atiacled to migsele only, The woulil seem o be
proater danger of Teing reversed by pressure, but a besutiful
mieehaniern s thet seeure,

Strong tendinous cords are atiached (o cacli eusp, on the
side the pressure eovres frone. Those ave inserled into Lidile
eolunins of musele projecling Feom the mosele wall into the
cavity.  When (he wall contraets they eontract and pull on
the cords nnd give firmoness Lo the valves.

The hweart beal is wsually faster the smaller the animal,
c.g, elephant 27, horse 41, man 70, woman 75, dog 110,
rablit TA0, wouse 7KL lo oman the rate s ab bicih 140,
infont 1200 ehild W6, youth M0 and o dult 70
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ARTERIES

Al parts of the cireulatory system that earry bloed from
the heart ave called arteriez.  The Inrge ones leave the heart
the pulmonary and the sorta. The frst goes to the Jungs
the later supplies the capillaries of all the body except the
lunga. Each of these arterial systemns i like a tree with
trunk, branches and twigs, Ifach twig conneets with a
capillary network and is about 172500 inch in diameter.

The fundamentid part of the whole civevlatory systers T U8
BT BE o the delicate tnper tube.  Outside of it in artories are
coats of clastic, white connective ilzsue and muscle fibres,
The elastic fibres withstand pressure;, ihe white fibres give
strength and prevent over distension, and the muscle fibres
regulate the gize and heuee amount of blood to the part
sorved,  The blood pressare in the arteries is 3 1ha to the
square ineh in the aorta, ERPES 1hiz steadily dinninislhes
to about one pound in the terminal iwigs and 6-7 ounces in
the eapilavies.  The clastic Gbres male the blood {low in
a steady strean and not by jerka,  The stvength of the while
fibres in a young person is suflicient to withstand 100 pounds
to the square inch before bursting, The musele fbres are
placed in a eircular manner about the arteries like a sloeve.
By contraction these fibres perform a valuable scrvies in
regulating the flow of the blood., At rest the arteries contract
and fittle blpod passce.  Active muscular exercize may eause
f times as much blood 1o flow in ineetive museles.  The
blood is shunted to the part that is most active, the brain or
stomoeh ete., as case may be.  Bevere mental effort i beat
on an emply stotnaek so that blood can go to the brabn. The
contraction of the arteries 1 under the control of the
autonomic nervous systein and the adjustments are wade
without conselousnesa.  After death the elasticity of the
arteries is suffietent to zend the blood inte the veing, so the
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arteries of a dead animal are epipty. This may expluin the
Chipese gnotonmeat koowledge that the Bood vessels carry
air and Llomd,

The arteries vacy greatly inosizo as some parts nesd moee
blocad than others. The amount of ood necded per minute
per ponnad of weighi is on {he ayverasse 175 onnees for the lee,
sheletnd muzeles 2 ounees, stomaeh 3 ooues, Indestines D
gunces, hrain 22 punces, kildney 22 ounees and eorlex of
supravenal gland [O0 onaees,

Pravinge 15 1w artories have o pulse which corresponids
tothe boeat of the eact amed 35 not (he movement of the blood.
The wave of the pulse pusses about [0 sards per second in
the arteries bat the Blood flows less than 1 foot per second
arnd in the capillavies only abont 1 paehin 36 seconds, There
iz normally no palse in (he capilliies or vetns. The aveeries
are usually Jdeceply placed in the mvseles for protection from
injury. A wound of a tarpe artery mean squick deatl unless
repalred ab onee,

Veess: The tules earryivg blaod fothe eact are ealled veins.
Tle pulioatey veins seey blowd only feong (e lung eapil-
Liddes to the heart, The rest of the veins of the body exeept
thosw of {00 learl s=edl constiode Line general vetnons systein.
There gre twor mendn trunks the inlerior and =uperior venan
cava hoth of which sopavately eater the cight ateinm bat their
bBranches are connestod where they e e cach olber, Small
vielos tend of Yorg oetworks ealled veinous plesuses: thetr
cod Dwigs drain eapillacy pleguses, '

Tl sine dreer (nbe of the velis i3 covered, as tu arteries,
by the same eoabs of singlar fhres but they are thionner aul
wonker, The vidns Tevve Dile prossure 1o e, ahout 1706
that of arleries inthe Hinbs: o the aldderuen in the inferiar
vena cava the pressure 13 1 ounee per square inchoaned in toe
thorax the pressaes in the superior vog o 3= less than noth-

ng during inspiralion, ™A The same iz true of the grosi veins
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of the neck. The muscle Abres of veina regulate 1heir size.
If all the veina were distended they would held all the Llood
in the body. The pressure in the veing is senreely suificient
to maintain 2 continuons flow 1o the lieart. That flow is
assigted by the inwpiration of air into the Inngs.

Varves oF Yeiss.  The ftow of blood ia also assisled Ly the
action of valves. # The medium sized veins 1/12—1/2 inch,
usually possess valves,  They arve shaped like the valves of
the aorta but have either two or one valve according to size
of the vein.  Muscle movement males preaadee on the veins
and asaiste Llood flow to the heart: for the valves pormit flow
only in that divection. In man, biz creet position makes
retuvne eirculation in the legs a great diffienlty.  This iz
asgisted by muscle movements and by an added nmnber of
valves. In old age and in heavy manual labour the valves
beeome inenmpetent and dilate and there are forimed varieose
veina, EEEKHDER I the muoseular nrovenient is too eontinnous
the pressure inside the deep faseia s greatund fluttens oul
the deep veins ao wiler Lhese conditions the blond passes to
the auperficial veing opposiie the joints. This is the explana-
tion of the large veing just woder the skin of the lhnba,  The
blood only moves 1 foof in 33 sceonds In the veins. A
eomplete vouind of the blood in the eireulafory apparatos is
made in about 27 heart beats or 22 seconds.

Lrmph vessels BEELAT — Acecssory Low Pressure Vessels,
There are lymph capillaries as weil as blond eapillavies.
These are the vessel: whioh wet as carviers of (e debriz §e.
dirt or bacletin ete. which gain entranee inlo (e conneetive
tigaue. Theyr alan oocure whore fond, espreiably fatty food,
isabzorbed and carried away e.g. intheintestines. Their large
inregalar eapillaries have hitlle or no preszate o them, Frow
themn Irmpl vesscls like small white voing lead away wwards
the root of the neck where they copty into (e great veina.
They contain many valves which anly permiit flow the geel,
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No ollwr vessels give the lymipl vessels any faid.  Their
eoiltents are collected from tissue spaces.  The cells of their
walls are alive and take ap Qluids fron the tissues ontside
thenm aud give it up to the inside of the capillaries.  They
actually do thes with foree which is one factor in lymph ow.

Alone thee lymph vesscls nre Ty pfeniieds, ﬂ*ﬂ]ﬁ Every
lymmiply yeesel paszeg thivougle Lvonplt glands whieh act as filters,
I their interior the bymaph seeps throuesh & elose sponge-
wark whiclh conining ma==rz of growing cells, Az these
white eells 1oatnre Chey wander into the Ivneph stroam and
are carried slong the lymoph vessels to the neck, At the
root of the neek these vessels join inko o trunk on the right
aued Left sides el empty doto & geeat vein,  The entranes
iz puarded I o valve, The veing have a aegative pressure
or suetion during inspivation and thiz witl jnasealar move-
rmenis aesizis the finw of the Iynoph,

IV Lacterin HIE get under the skin the seavenger eclla
of Ll eonneelive ti-sue wtlack theio and earry them away
dead or alive to o Tymph glaml,  There the bacteria niay
acetinulate. 1D ngt loo mnbwrous or virglent ey are
detroyved there. The lymph glands ave barriers apainst
eotraner of hueterin, cuneer ecll, ete, mto the bisod stroan,

L o

CAPILLARIES.

It the Dlood {ransporiation ayvstem tlhe eapillavies are
af exereding tuiporlianca,  These alone have wails that are
permentble T’]i‘@ﬁ and it 1 through vhelr thin walls that afl
interehange of (he blond takes place boetweens tie blood amd
fiaane Nuids, Their walls sy bie likened to tubes of Sler
paper [led with Sadt water subiierged o o beaker of distilled
wialer,  The two solutions will joiog’e watil Lotk aee of 110
panle exitcenleaction and all the warer cgually =all,
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The walls of capillaries behove in this emne way.,  They
are made of thin flat cells joined nt Cheir borders.  They
permit solutions of aalt and of colloids to go through them,
but they are alive and irriiable, and they assist things to poes
or reject them, that is they ehoose their work,

The total lenglh of the eapillnries is ehout 100000 piles
and their total aves eguals one acre.  Throughout their
length and breadth exchange of solutions is constanify going
o, Plled on each other it would take 30,000 capillary walbls
to wnade an ineh. From the air sees In the lung the blood
in the capillaries gets oxygen. It goes in solution first
through the thin layer of {inid lining the air sue, then through
the thin listue of the wall of the seo, then through the thin
cellz of the capillary wall and =0 fnte the blood where the
red blood eclls take up the oxygen,

From the absorptive eclls of the intestines the blood geta
foord. [t goes in selution Uiwough the absorbing eetly into Lhe
space aroundd their bazes, throogh the conmeetive tissue
caverns through the thin cells of the eapillary walls and so
tnto the Tland.

The blood gives up exygen and food to off the ceits of
the bady.  The eells pass from the capillary walls into the
conncetive tissge caverns through the walls of the cells and
into their substance.  Bimilarly earbon dioxide, cell produocta
and rell waste” puss in solulion froue fhe eells indo the
blomd. '

The ¢apillaries, therefore, are tubes with thin perme-
able walls In a seq of [luid,  Corrents of blosd flow into the
capillaries into the tissnes and eells ond back again.  The
body cclis help the eurrent (o flow and they absorh what they
nead and throw out the rest,

A nian esumnondy tukes i dally 9 onnees of water —he
thrawa out daity 1L ounees i bis breath, 22 oances in ewead,
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waler gors through the capillary walls sareving oxvrgen, foed

punees in wrine and 4 ounees I hiz facees, Al this

amd waste,

The essential thing is thut a steeam of blood be kept
moving throoeh e capillary tubutes, atl the alher parts of
the tranzpoctalinn svstem, the Leart arferies and veins, are
all subs=ervient to this essentinl setivity.

To maintnin the Dow several factors are invnlved (1)
air preesare, 13 s to =g, in {(?) elasticity of skin 73} mnscle
preszure (4} the walls of the lubules are alive el tend to
coraet an the the contained luides (3} weree rnds reach
thens tndluenee eantraction (6} contracile colls eneirele the
tubes  and exereise pressure on themwn. Were it not for
the fart (hay the foree deiving the blood in tle tobes s
groater than these fadors (he canillary walls swould be flat-
tened out. Thal foree i= supplicd by the heart and orleries,

Throughout all the hlood transportation systean the thin
enpillary wall is prozent the whole syzten i one eontinaons
tube without interapiion.  The wholle civeulators systemn s
ane tube which bronehes repeatedly and all the finer branches
comannnicate.  InoLhe capillaries {he fine ioner fube is eaked
and exposed to the tivsue 1laids,

I all buai 41w Boer beanches there ace covering: for this
inner tube, This covering o outer eoit of the blooed vesee]z
contes from the sesoderm, These intfor Invers supply the
wachinery whicl mukes the blood move.  FPhis addition in
one place i the heart, in other places i constitiutes the
arteries aned veinz, The welled pisses are muscle, white
{thre eonneetive tizsae and elastic fibres.

The minuie anesvered eapilinrics are i all parts of the
bods. The largor vesgels cannect with the capitlary nels. The
cominon eeitre is the beart,  Fle furger vesselz wrve nsnally
a double syatein ove carterics) gaing from the henrt, the other
{veins) ooing to e bt
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All ita merves and vessels are al the base of the heart.
Two great arferies leave the heart—the aorta and the pulmon-
ary arteries. Two great veing core to it along the right
psrgin, tie saperior vena ciava above and the inferior vena
eava below,  These bring bilond from all tie body except
the lungas. Four other large veina enter the bage of the
heart from the lungs. The pulmonary artery goes off from
the right ventriele and the sorta from the left wventricle.
The superior and inferior venae cavae enter the right atrium,
The four or five publmonary veins enter the left atrium.

APPLIED ANATOMY M.

The theracic duct may be blocked by the microfilia
noctornn A MM (o parssitic worm) and there ariscs stasi<
of chyle and cauzes its passage in abnormal direetions past
the obstructions. Tl abdominal, renal, and pelvie lymph-
atics become entavged, varicose JB R IR K, and tortuons, and
elyle may enter the urine {ehylurin)}, or wnay enter the tunica
vaginalis [ iH BLEEE (chivlocele), the abdominal eavity {ehylous
aseites) ARBF or the pleural cavity (ehylous pleural effusion)
v B, because of rupturc of some of these distrmded lymph
veazglg.

fFare-shot wowmeds of the ¢hest may injure the thorac'e duet
and ehyle escape.  In soule cases this Dnjury will be eured
spontunvously by healing of the wound,

The thorneie doct may be secondarily 4 infeeted in
intestinal or pulinonary tubereulosi= Lt i3 often the site of
aceondary cancer deposits in abdominal eancer.

The tharacie duct 11as been wounded and chyle escaped in
aperativig on the glands of the neek, I this happens ligatue
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the duet and the chyle will find its way into the veins by
anastomesing channels.

Cervieal lymphatie plands often become infected from
inflanimation of mouth, teeth, tonsiis, ete,  If pus is formed
it 3z apt to spread widely beneath the cervieal faseiz unless
tneision relieves it.

Cervical lymphatie glands are ofien the sile of tnbeveular
infeetion. It is essential to krow the site of the vartous
groups of lymphaetic glands so that the difileult and sonetimes
dangerous dissection mayx he enrried ool with minhmnume of
danger iy the pailent.  H the Jugotar veins are bound up in
the mnass of tulereulous or cancerous glands Ligate the vein
above and below the mass, aod remove the whele including
the vein.

The Axillary lymphatic glamis ame olten enlarged in
caticer and an infection of:—

1. Upper part of Lack,

2. Bhoulder,

. Front of ehest and manunac,

4. The vpper part aned Front amd side of alxloien.,
. Haud and arw.

In vemoving eancer of dreust FLAR «f axillacy §iF elands
B with fascia G518 also peeloral nimjor BKHEL and minor
/* most be removed en masse.

Foguined BERFE and suldwowiaod pheowts frequently be-
cmne enlarged from mfeelion in parts they drain, e.g. in
caneer or syphilis of prepuee and penis, or labia major KEE
B, in cancer of serotum and Iower part of the vagina B
and lower abdoten, or gluteal B region. The npper group
1% almest invariably enlarged, The lower group is wenally
affeeted in diseases of Al lower linbs,

Evlargement of the mescatorie SR Lunpfetie plonds occor
in diseasesof the Intestines, in enterie fover BSEE (lyphoid),
{nbereglons uleerntion or mnlignaney of the bowel.  Thess
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glande may sometimes be palpated through a thin abdourinal
wall,

Tracheo-Tronehind ¢fands are constantly receiving dust and
black earbonacenns 349 maferiala. AL tirst these arc woder”
ately enlarged, firm, inky black, and gritty &8 8 oo section.
They inerease In size and may beeomte fibrogs, or inay heeal
down into a soft shiny mars or may caleify fEK K. In
tuberendosia of Tuugs these glands arve wanally jnfeeted. Thoy
enlarge, may soften, or boeome fibrous or caleify. An enlargesd
tuberenlons lrmphatie gland wmay perfacate bronehus and
disclinrge eodtents via the mouth,  This is dangecous boeanse
{uberenlous infection may tlen spread broadly.

Tuberculous infection of these glands in ehildbaod is
common. Lt is best dingnosed by X-ray wnd the enlargement
ia not always doe to taberenlons infeetion,

. ————— e e e e —

APPLIED ANATOMY OF VEINS,

The fucin! vein is not so Haceid as some veins bhenee re-
mmaing open whien oot and it has no valves, It sonununicates
freely with intvacranial civeulation via arlital aud ophithidnide
reins RESR, also by decp facial.  Henes in severe infection
of face, the infeetion may set ap thrombosis & MEEH in
facial and clot witls pus go to variouns parts of body including
cranial sinizes,

The Diterned Jugular requires Gigation B in severe cases
of atitis media PPH# with pus and thyonmbosis ta prevenk
thirombosis entering ecireulation, espeeially in old casex of
years standing are dungerous for clot may eause sephic emn-
bolism IR of lungs.  The Internal Jugular is sur-
rounded by many deep lymph gland-, and in taberbolasiz and
{ancer these may adhere to vein, this is dongerona. Treatueid:
ligaie vein above and below the tumor and retove oo nasse,
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An arderivecionz AR conunenieation may be extalbiizhed
biotwern the caverous sinus and the Dot Coarotid wrterey and
give a pddanting fmor BRI of the orbit, due to injury (bullet
wolrsd, et ]

huries ’ﬁ‘{ﬁ ol weintd evitier and aecessory sinnses S W
nay zive <cptic thrombosis of cavernnis sinus,

Iateiteeanind high Dlovd presswre BIWZ 60 MARE may be
rebieved by leaches P& behind car, beeun<e blood s thes drawn
Frome the {ransverse sinus vid cngissary veins tﬂﬂﬁﬂfk of
mastnid BEFL

Fenaeation 7p K BI0E  (blond-tetting, or Meeding) is

gonerally performed at front the dlow. Inéravensus medica-
Grons in syphitis B8, mafoaria BEGE, ete. i3 oflen practized by
puncturing one of the veing in front of e eibow.  Also
intravenous injections of noanal aall sofution aod Gleed betins-
uxions BI¢E MG e done at the same site, for severe haemor-
fuviee . T operotivns da the azifa avald wounding the axillary
veln by first exploring and disseeting earefully wille Jdalb in-
strunientz. Do oot tear.

The Suphenows vein BEERFK 1« Dreauently variene dusto
longr vein aml erect position of wan, This plus lowered
resttwnee of vossel wall ewgses vessel to dilate.

Portions of geias are often ceatased for povieasily Hﬁ'}l{

Hacnwrehoidnd veing may beeoore wieeieose il forne
forne hucinorrhoids BEHE or Ples due to several anatomicsl
FOUsDIs; -

1. Vessels are in very lodse sonnoctive Slssae huoes Taek
gppport.

2. The superior baeioorchoidal ﬁiﬁ?ﬂiﬁ el portal
voins PYEREK have no valves,

#. These veind pass chrough mnzele tissue henoe com-
prosaed by contraction during defaeeation 5B H1EE o

4.  They ave atlected by evers form of portal obatruetion,
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FPextiovlar Veine BB N EBEK are often varicosed 1.6, vuricorele
SRR, It ia vsually on left mide, beeause the leit
testionlar veln Joing renal at right angles.  This is overlaid
by the colon which when full, a8 in constipation, its weighi
impedes low of blaod,

Portal vein obatruction may produce ascites KRR or frec
fluid in abdomen. This may he due to:—

1. Pressure of fumor on the vein, e¢.g. cancer head

pancrens jB.

2. Cirrhosis of liver JFREE. Here the radieals of portal
vein are pressed by the conbrasting liver tissues,
henee inereased presgue.

3. Valvolar 3 disease of heart gives back pressure on
hepatie veins, and hence on the whale circolation
of the liver.

I nseites life will be prolonged and will have lees sseites
if there is good collateral circulation MJEER R botween portal
and ryatemiec ciréulation. This iz affeeted by communication
hetween: —

(a.) Gastric veins and aesophapus FRAF, B vein ermpty-

ing into heininzyges Ay BRIR

{h} Veinz of colon and dusdenum ~FZ3RES into left
renal.

(e} Accessory portal systemy of supply, i.o. veius passing
by way of ligaments of liver, e.g. via round and
falsiform to unite with epigastric and internal
wmmnmary, and via veins of dinphragm to azgos.
A large vein may pass by the round liggoent to
umbilicus ¥ and there praduce o prowinent varicoss
circle of veins called the enput B inedusae.

{d) ¥Veing of Retzing which conneet intestinal vein and
Inf. Vena Cava.

{'e) Buperior, Middle, and Inferior haemorrhoidal,
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£ Rarely through a patent ductus venosas thus eonnects
g dhe porlal and ioferior veun cova,

e e, M e e = e e e e

RESPIRATORY (Breathing} SYSTEM. W7

Bach ¢ell of the body is an engine which produees nio-
tion, heat clectricity, ete,  They get theiv energy by burning
fuel,  To do so they wse up exyvgen suad give off eorbom
diaxide, {COz0 Each eell gives ot 2 special produst.  The
connbustion o the body cells 1s slow.  Ileab tiay be given off
08 in mugcle and liver eells, but the product aften is chenueal
(a5 in gland=) and vervous or eleelrical (as in nerve cells).
Light B= ot produesd in the buman body bt peeurs in glow
wornes amd =one sea fshes,

Tl aupply of oxyeen and the cxeretion of earbon dioxide
nst be eonstant,  Failure in this mmeans asphyxiation S8R
and deatl if long continued.  Man does not take up O by
hig skin froot the aiv. What is the spark that kindles the
wet fuel In our eolls to combine with OF  Tie blood carries
the O and Q05 and the cazyetes i the eclfs Leep the ondation
{ flres ) duoriifagr.

The vl eetls of the Llood carry O to the tiszues,  They
contain hirpmeginhin, MBS sl substanee which takes up
1 1% times 15 own weight of O and gives up 4052 of this O
to the capillary colls, The red cells and blood plasina {ake up
the (0L and thus the constant service i lept up daring Hie.

Where do the red eclls got the O and where does the
blownd ger vick of the CO.? 16 is by exehange of abr which
eondain: 2186 of O and will aborh any amweunt of (0., The
skin eannob porforn: this servies,  The solotion of the praidhon
ia the lungz, They bring O to the Blood eolls aod i them
the aire takes up thie C05 0 The fompgs Bave g warfies 37 {inges
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greater than the skin and their cells have air on one side and
the eonstantly moving blood on the other side. The cells of
the lungs dissolve the O and GOy and poass then across to
their distination.

In the body the blomd of tlie eapillarica gives up O and
takes up COa. In the lung the blood of the ecapillarics gives
up €Oy and takes up . The blood goes about 3 timea o
tminute through both sets of capillavies. In 24 houra an
active man abzorb2 wore than 20 cubic feet of O and the
blood gives upas much CO..  The respivatory sarface of the
lungs is about Y00 2q. fect.  The mechanism for change of
air ia like a bellows, 3t is suwlomelic and self-regolating:
working when we are quict about 17 times & minute and may
reach 70-20 or more times a minute in greak exerlion or in
pneumonin, MiH '

The stem of this bellows mechanism comprizes the nose,
pharynx, B snd the trachea, ST (e exparding part is the
langs.  This bellows takes in and lcts out the air through the
one nozzle alse through this same entrance arud oxit the air
path is crossed by the lood path e the wonfh, phorger and
oesophagus.  Thiy erass froffie is confrolled by valves, the epigloftis
BMW: and the vocal cords. BEPHF The lungs lie in the thornx
mel like a toy balloon in a botile. I the air iz pumped
out of the bottle the baloon with its air will expand and fill
the bottle.

The langz and trachien ae elastie like the rabber beltoon.
There is & vacetnn belween the lungs and the thoraeie wall
and the pressure of the atimosphere RS (15 1ba. to =q. in.)
distendds the lungs ilat against the walls.  The lungs by
thelr elasticity are alwiys trying to contract. The thorax
expands and contracts and thus ebanges its form with every
breath.  In the thorax all fowr sides eontract atthough
the vpper and back pmwi do not eontract very much.
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Expans=ion of the eavity {inspiration) sucks in air and contrac-
tion {expiration) blows out the air.

The gide of the thoraz are formed of ribs earved like n
bow and in front are aitached to the sternum by cartilage.
The wnseles attacked to the vibs 1ift the middle of the ribs
at the =atme time wirel the chest expunds e, gets deepor,

I srovcinentts of the bungs the eostal cartilages twist some-
what and heing elastic they vield if biows oceur on the thorax
and U leseon the danger of fraeture of the boues.

The shoubders and arms ave in man a dead weight
banging ot tlhe thorax and iunterfere with breathing o a
certain extent.  Beecause of this interferance man depenids
ehiclly on the movament of the diaphragm in expending the
chest,  The diaphragm is o dome shaped wusele flattened
it top, s lower end s civealar apd iz atlached to the
warging of the thorax aod spine.  Deside thiz done are the
liver Ftpm:mh aisd ather organs of the abdomen,  When the
thorax expands the diapliragm pushes down the abdmuninal
eonfenis and lifts up the ribs and thos makes the cavity of
the thors gger, [t also becomes dome shape and the lower
edge of the Inngs: deseend alwoest to the Iower margin of the
el

I taling a full breath we use many means to enlarge
the thorax., We tift the shounlders, ribs and sternum by mus-
eles from the skull and the spine; the digpheagne helps
greaily,  If we fix our hands and shove up our shoulders we
can =Gl more enlarge the thorax,

In ordinary breathing we take in about I pint of wr,
bait, by using every accegery factor we miny take o 2-3 quarcts
wore.  In ordinary of the chest {expirvation).  The elasticity
of the longs starts if,  The shoulder snd arms fall on thorax
and shoves down the ribs through gravity.  The rib eartil-
ayes imtwist and eanse ribs to siuk.

For foreed expiration the abwlominal museles ave gaed,
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These are the ones wlhiteli assist ia prolomgring notes Lo singing
and blowing trumpets.  The stemn of the haman bellows is
expanded in its upper part and wedified 1 3 regions. The
upper consiats of traichen, lnvynx, pharynx and no=e. Thisfube
warms, moistens, sd filters air when oeotded aned makes the
#ounds used in talking and siuging,  The dining of Gis pige
iz of epitheliun, ¥ the eells of which have moveable eilia.
These sweep dust out through rose or up into 1he pharynx.,
This ciliary movernentmay go on 3-2 duys after dvath.  Glands
keep the walls moist and dust sticks,  This Grpe of epithelioge
lived most of the rezpiratory tule.

The naszal eavity SBE extends frow thewonontie to Lhe
pharyne, It extemds to the sides ook wcder fue eves ol
upwards from the palate inlo the forehewd in ¥ront of the
brain. Thaere are partitions of bony walls dividing the bege
air space inte gnall parts and veecsses, The external nose is
only a small part of the naszal cavity, The watls and parve-
tions inetde the nose are cartilaginous.,  Blows oo e nose
o not always breals 1t owing to clastie cartilage.

In the wid-line of the nose s a partition from the beadn
ease above to the palate below dividing the nasal cavity mio
two parts.  Other partitions lueompletely seporate the nazal
cavity from its recesses.  Thoe recesses ure one big one ko
cach eve {antrum of Migmore), & 1 8 three sialler anes
on either side, one Wig onein the forchend (frontal sinusd
atd another large ove extending up aned Laels fto 1lie base
of the skall (ethmoid sinus), ﬁﬁﬁf

Thege recesses or sirusés make the bomes of the skuli
lighter.  They are subjeol to infeetion from the nasal cavity,
The air of these sinuzes and recesses koep Uie nansal cavity
warmer. The entianes to the nusal cavity B A% (the vesti-
bule) 13 1/2 [neh long and i= Tived with skin having shocl
eoarse hairs,  These filier dirt and some bactevia from the
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awir.  Frots the vestibobe the alr goes o the main cavity, The
roof and apper walls of this part constitate the area For sinall
{olfactoryy.  The epithelium there has no cilia and the eelis
react to odowrs,  These cells are diveetly connected with the
brainn,  Glands surreund these eellz and sabaiances borne
hithey are dissolved o the seerctions of Qe ghased word the
gonge of smefl result=, Oy Ul sBbos of (e nasal cavity are 5
shelves ealled the budlaafe bopes, PR They wre thin boue
atnd Teave curled edges oo aee eovered with bBlood vessels to
warpn L air o< 00 passexs ol aoinels dnocold countries
have ag many as 7 turbinaies. Oaly 2 o oan’s 3 aee well
developed.  Teurs ron from the eres to the nose teough g
duet on the side woll, Beoawse of vhe gread aren of 1he nasal
cavity infecitons of the vosemake nueh discoudfort e i they
extend to the ~bnses stnd recesses there tay T ey sorions
complication: of cyve, b, ears or teeth . The neesab cavity
opens into the upper plaryns,

The wpper platepux i= conneeted with the tyaepanie cavily
of the var through the Ewstoclinn tube. HBEE Thus Lhe air
pressure on both sides of 1he (rompanmu s equalised.  The
cartilage of this tube keeps it fron enllapsing.

In the upper patale @2 the soft padate with the e
FEF R o ~ofl valve curtain which shuts off the nose when
ane swullows, The plaryny is o Food as well as ao ade wayv.
It has noeilin an its epitheelial eellz lan they are tough and
thick as s the wowth epitheliune, Tl fargie BE or volee
Lox opens into the lower pharyonx, The voeal part is tormed
by ehanpes in shape of the air tulbe, The ovlinder ke tobe
marrows {o a2l Tormed by the eaeed poreds. BER Tliese are
clastie ligamends covered on the inside with Hatb tough cpithe-
i, There are ho ¢iila ot this epethelivn, Above the
cotds i= the vestibole BIEE of the lavyvnx. Tl cavily with
itg air eontents givea the cords o chaner o vibrade and thns
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produce different notes when the air, contrelied by shits be-
tween the vocal cords, is blown into it.

Above the vestibule is the epiginitis, @R The cavily of
the larynx consisls of 3 chambers, one is below the vocal
cotds, the ruiddle one called the weniricle 3 13 between the
tree and false voral eorda and the uppermigst is above the
false voesl cords.

The false vocal eords, or properly the zenfricafir folds,
are 2 flays which project down and inwards, the edge of the
is the false voeal eord.  These are above and parallel with
the true cords.  The false eords contract to prevent air from
going in.  The uppermost chamber, is celled the vestibule,
It ean be completely elosed by muscles as in swallowing and
at that time the epiglottis is drawn down sa it eovers 1he
clozed vestibule.

The epiglottis ia shaped like a roof sloping from the
midridge to the sides. It is attached only at its anterior
edge and it opens and close as g valve for swallowing.

Voeal cords can be approximated or separated Ly mus-
cles. They are 1 inch long in man, and 3/4 inch long in
woman and children (thus the higher piteh of their voices).
They are nftached in front and behind to cartilages which
ate moveable by mmscles.  The aryptensid cartifages 1 PHE
at the posterior ends are especially moveable and it is by
action on them that the museles affect the cords and therefor-
makes the piteh of the sound. The purely individual quality
of a persons’ voiee are added in the throat and nose.

When food touches 1he larynx we swallow at onee. It
iz antornatic and pot under control of the will. It jnvolves
all the muscles of the pharvux and most of {he larsnx.

The air path is under our control for a fivee.  We can
sing or talk as we please and hold our breaih for about a
minute then we forced to breath whether we wizh fo or not.
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The troches ST 13 about 4 172 inches Jong and nearly 1
inch wide, Tt t3 veinforesd by 1813 bands of eartilage.
These are incomplete behind aned the gap iz filled with
ninsele.

The carlitages prevent eollapse of tule on suetion and
{le wuseles narrow the tnbe (o leszen armount of 1le air intake
or to give foree to e air Blast {o coughing eie. There is
much elastic tissue Jhetwern the epithicliwm and eartilage,
becauze the trachea must streteh when the Jaryns or lungs
1RV,

The fhorer B is divided into right and left halves.  The
roedian partition is eompossoed of the heart and great vessels
and the verbebrad eoluomn. Fach side of the thoeax has #ifs
BIAF on it sides, the diapdraem FFYL below and the partition
i Bl pesdadles Baceh =ide b 1wed by oo elosed sae ealled the
et NRBRE elosclv applicd to adl the walls,

o the embrya {he trachea ling two Toauds whieh grow oud
from the takeddde pueetition apainet the inner wall of (e sae of
the pleara. These are the right and el Tuay fnds, A= they
grow ey gliove i ta e plenra and beeome covered by i,
Ther arve guile =mall before Lirth but when thie new born
ehild tokes its first breath thes cxpand,  The pressure of the
air Jdistends thein to iheir Tmids and GEE abi 1le space in the
sitles of (e {harax.

Wlien we reathe and Gwi=l oue binlie: the thoracie cavily
changmes in shape aud exient and thye feugs thange to exactly
the same extent, The lungs ace extenszile and elagtie anid are
alwars atretehod to their limdis by the peessure of the adr,
The fungs serve for the exchanpge of O an [ Gl between the
blnod amd alr.  The exchange necds an enonmons surfioe.
The lungs do this threwss dhe oilice of tiny balloons, caeh
cotnncetedd with the aie way,  These ave ke grapes on their
ster, weh Bullonn 1 aboat 17025 inel in diamcter. Thoese
crpw from birth o eature age. There are SHLGO0,000 of
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them in the Inngs. Their aggregale surface i3 mere than 700
8. feet. There i3 only space between them for tracheal
branches and blood vessels. Their business is to bring air
and blood capillaries together, These halloons expand and
confract with the chest wmovements.  SBomwe anatommists zay
their walls are only a delicate network of elastic fibrils. There
ig a thin layer of Auid inside this wall in which § and C; are
dissolyed and exchanged. Capillaries surround each balloon
and these walls are only 1/300,000 of an inch in thickness.
Great speed iz characteristie of exchange of C and Ce aa the
18 the blood makes a eomplete round of the whole body in
28 geconds,

If enough C0, is not taken away the contammated blood
goes to the brain to a control station whiceh speeds up the
breathing.

The fine and large branches of the trachea or air~way are
elastic but cannot collapse F;¥ for they also possess eartilage.
The eiliated cells of the mueous membrane which are defenees
against dust and baeteria, ete., extend down to branehes 1/25
of an ineh in diameter, after that there are no eilia.  If the
dust and bacteria seach the balloons they are attacked by
phagocytes whieh cat thewn ap and carey them to the lymph
vessela.  (Sce lymiph vessels, )

The air tubes alse possess plain muscle fibres even to the
finest twige, This regulaies the amound of air. !t mnay shut
off the twigs entirely as happens In asthma BER} when one
may only, bic able to use 1/21) ol the lung tissue hecause of
Lhe spasniodie contraction of Lthe musele filires and the con-
segquent elosure of the balloon,  The tiny balloons are massed
in groaps io irregular shapes, When the lungs are expanded
to the fullest cxtent the air tubes will separate like the leaves
of & fan and this allows the balloons to expand,  They eaninot
exipand unless there isthe deepest breathing.  IF they are not
used they become degenerated and discazed,  All ebildren
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and aduliz must use theiv hunes to the fullest extenl several
times o duy to ensure better health,

The right tung s bigger than the left one gnd 13 alag 1in
more dircet line with the brachea; henee more duast and gerims
enter it. Pretonia alfeets the right lung 10-7 a5 compared
with the left lung. The lungs are divided into febes IE three
on the right and two in the lefisides. The lobes aee separatod
by mmfoldings of the pleura, The plenura aeeretes a fluid which
Farilitates lupg mowemient:,  Withont this fluid frietion would
oeeur wind pain resalt. ITne inflanimation of the pleara in the
first stages of it the pleura 1z dey and “triction raba’’ are
heard.  Thus pain iz canzed.  In fall expansion of the lnngs
the upper lebes wmove forwards and the lower lobes move
downwards,  The left lobe is 2 enzhion adapting itzelf to the
constantly moving heart. Both lungs accommodate themselveg
fo thie movermnents of cach ofber.,

P e e e

THE ALIMENTARY CANAL. {H {£#&

The alimewtary canal supplics the hody wilh Tood and
oxyveen and exerctos gome wasle products. The alieiary
canal is 2 suscular Lube Hed with eesential mucous e brace
of different kinds and funetionz.  Jt extends from the mouih
to anus and oseupies, exerpt in the abdomen and thorax,
appeaxitately the wmid-line of the bods,

The alimentary canal opens to the surface at both ends,
the mouth and the anus.  In the earbiest embyonic life it is
clozed ot both crwls. The alimentary ecanal s divided Ieng-
ithwise al both ends for varyving distances.  Structures which,
in developement, break off from it at the head end, beeoine
the nasal cavity, the traches, and the lungs.  The function
of these i to talie in oxypgen for production of energy and throw
off the waste gas, CO4, and maisture,  The Lulwe at the anal



end 1s gplit, in developement, into the recturn and the arinary
biadder BEBE and urethra, These carry off waste products
from the bowela and the kidneys. Al the rest of the tube is
the food canal. It includes tlie month, pharynx, I oesoph-
apus, I stoanach (Fore-gut), siall intestines A BB wil-gut?
large intestines 5 8 recttn @ AR and anus §T (hind guth,

Food which is to be ddpestod and assimilaled and trons-
ported o the blood reust frst be made fluid.  The alimentary
canal transforis, in a relatively short time, all food inlo
fluid like the blood lymph.  The tecth break, bite and chew
the food, the tongue and the muzeles of mastication assist in
the pracesa: it thon goes to the siomach and is grooned up into
amall divisions, it 1a there digested in part and made flnid;
tha fluid food is further digested and absorbed From the
intestines, and, finally the unabeorbed resicdue is brought
together and thrown away fron1 (e body through the anus.
In animuls the alimentary eanal does all these things, 1o man
he iz avsisted by his hands amd by preparation of (e food
before it i3 eaten. The food changes are carried on in various
parta af the alimentary canal and progresses from the mouth
backwards.  Each part iz specially propared for ils own fune-
lions,  The mouath, sucks, bites, lears, chews and mixes; the
pharynx swallows into Lhe oesophagus, whiel carcies food (o
the stomach throvgl the thorax; the amall intestines digest
and abzorh; {he ainall iotestines digest and absarb; the large
intestines slightly absork amd separate wnidigested residue
away and casts it off.

There is o aniform plan of stroueture, the  mucous
membrane is the mnermost layer, outside of this are layers
from the ventral mesodernz ax follows the subhmeons connee-
tive {iszae; the muscle fuyers, and in the abdowen another
laver, the peritonoum. RHARE The body wall ends at the top
of the neek bul the alimentary eanal extends aliove the body
walls of thorax and neek [uto the head.  There are, in the
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head, great maodifications of the alimentary eanal these are
the mouth, nose and pharynx, which part of the head iz in
front of {he brain and eomposes the lower part of the head.

The skin 1s depressed inlo nose and meuth and becomeas
ecantinuous with the wucous membrane of the foregut.  The
alimentary canal opens o the skin at the nasal aml buceal
cavilies, Both of these are lined with skin in front and
muecaug mentbrane behind.  Around them the venleal nieso-
derm extends, (hut the head 13 not hollow, that ig, containg
no body cavity).  The councetive iissues anbout the cavitica
are chiefly shaped bones (upper and lower jaws nnd hyoid).
The mugcles in front of the head [rom the ventral or pat
mesoderin are the Juw maseles for biting and chewing ag well
as the muscles of facial expression and the phiaryugeal inoseles
uzed for swollowing, ATl these mascles are Foried in the wall
of the alimeniary cnnal; they are realls gnt mowseles, even
thouaeh some contain cross siviped {ihres.

The extent and boundaries of the moulh are a= followa.
The mouth cavity has for its voof the palate, hard and bony
in fromt, soft, musenlar and moveable behind.,  The palaie
caparates the nasal and buceal cavitios in mawnads but oot
in other auimals, 16 geeurs only in thoge animals who suelle
thetr young.  Both cavities open behind inte the pharynx.
The pharynx has a nasal and a buecal #] portion.  The soft
palate 1z a valve between them and entirely separates them
when it s in apposition with the posterior wall of the
pharynx.

The pharvox alse has o laryngeal BE portion, it can
Lo shutt off from the larynx by the epiglottis. 8HR It opens
for Bbreathing and closes for swallowing.  The foor of the
moutlh iz almost ﬂntir{a.]_v forined by the tongne, o large niass
of musele covered by tweons membrane.  The tongue iz a
muscle of considerable size,  Above the base of the tongue
the month ecavity npens into the il e part of pharynx, This
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ares can be sompletely elesed through the action of the soft
palate and tongue againat the posterion surfuce of the pharrnx.
This opening 13 closed in sueking and opened in swallowing.
The lower pharynx opens inlo 2 tubes. (1} (he oesopliagus
A and the (2) larynx and (rachea, 4F Food from the
mouth goes via the firet route and aiv via the 2nd ronte, The
ait and food passages cross in middle pharsgnx like an X
Ekin limes the anterior part of mouth and it fortus the lips and
teeth,  On the posteriovr pard of the red area of Lhe Vips near
the centre the papillac F,H of the skin are long henee the
lip is rougher at that site.

Kew born rownimals have these papiline at birth probahiy
for sucking, but they dieappear inoa few weelks,  The leeth
are formed in the skin not the jawa. The bone grows around
thewn after they are formed.  Somwe fish for example, sharks
(scc musenm speciinen) hayve teeth all over their mouths.
These teeth are all sharp and pointed. In repliles (see
snale inmuseun ) teeth are pointed backwards hence 2 snake
cannol let o anything it has eottiineneed to swallow. Ilumans
have two rows of teeth germis, an outer and inner row.  Both
rows are eurved and paralicl Lo each other,  The onter form
the itk teeth the inner the permnanent feeth, No mammals
rezularly and normally have niore than 2 sets of {ecil, an
ocecastonal person Liag a Brd st in old ape.

Permanent feeth; We have on cach =ide in ecaeh juw @
incisors PRI (eutting) one canine S (tearing), two
premolars, BTEHE and 3 wolars HE (grindess) 10, 52
altogether.  Each iooll iz crowned witl enamed {(the hardest
substance in the bodsy, It etuues from o gland like ingrowth
of the skin {outer layer of eetoderint and is deposited on the
tooth before the tooth breaks through {he jow, then the
gland like body disappears, no wore enaniel FRHE is deposited
thro Nfe.  If the enamel iz worn thro the dontine 15 exposed.
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Afier A0 years the enamel iz usnally worn off the tips of the
incisors, after 50 1t vereally is off the canimes.  Thea rest of
tooth is made by the conneetive tissue inner laver of skin,
coriwn, it is eallod dentine. PR This is chemically like
bome but its Ahres are differently  areanged. The body and
rootg of a {eafh are holiow . The eoniral ecavity has Dblaod
vessels and nerves whicl cater at the vool {ip=, The sabsianee
which altaches ihe roots to the socket of the jnw, looks like
truc bone bat it comes fronn 1he skin not the jaw bone,

Every tanth of each jaw biles against 2 teeth in the othe!
jaw exept the lower medinl incizor.  The canine tooth is eadd
ta e a part proof of rman’s relitiouship 1o lower anhnals,
Molavz (upper) have 3 vools, lower, 2 vonis, all other teelh
one root.  The Ard inclar sometimes never orunks, It is
snid ta be dizappearing fu the proessa of evolation, therefore
the jaw is shortening. The drd weolar is offen hwpacted
aainzl 1he Ynd eelar.

The mucous membesne of the wmonlth pharyinx and
aesaphaguzs is thick, tough and ztrong becunse food ia rough
belnre digestiom. T conssts of nany layvers of eells—10-20,
It Inoks ke the skin and has beon ealled “mucons gkin®?
Over the uppoer surface of the longue are Hionsands of papillae
ol large size, Theae pive the donpae tts rouph soerfaee.
These papillas are of 8 kinds —~'fldfere, #EE these have
a horny fringe amd have o direction backwards,  They are
uzed i lieking and sre eepecially developed 1n eattle, and in
eafs even nrore 50, =0 that they are quite a weapen in felines.
1Tuman beings have somne of these sopregated in the conieal
papillae, foed and bacterin way lodge and the falier iuncubate
there,  Less: mamerous bt largper are Uwe {20 Fungiforn
papillae. FIRFLIN These bave moats around then eudled
(e pregiitfe vuffutee, BRIERFL I They are arranged in western
peoples mouths in un invertedmianner: in Chinese, Mongols
and Afcicans the arenrenent = an averted Y
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Taste buds are found in the fungiform papillae.  Juest
bebind the furthest back of the walled papillae in the toid-
line ig the foramen cnecum. WL

The thyroid gland grow off the mueons meubrane of the
tongue at this point. The pitia tho stump of theatatk. Behind
the pit the muecous membrane of the tongue ig full of little
rounded masses with a central pi, these ave called (3} fentéondar
papitiae. TR They are full of little white eella identical
with those in the lympl.  Thizs structure is like the tonsils
and thiz area at boze of tongue s ealled the Magual 95 or
tomgue fonst!, In the muoeons membranes of the mouth are
many thick cells that secrete salivae fhrough ducts, An
ordinary mian secrctes 13 quarts of saliva a day, a eow
about 15 galions. There are thousands of glands about the
mouth. The under surface of the hard palate has many of
them. Four large seereting planda coneelad with the mouth
are viz:—the parotid, JBR% subinaxillary, 88 FHA2 sablingoal
H T and the anlerior Jingual under the tip of the tongae.

These glands are often far away from mouath eavity and
therefore have long duets.  The duct of the parotid opens
opposite the 2nd meoelar tooth of the upper jaw. The sub-
maxillary and soblingual open one on each side of wid line
under the tongue.  The finer structure of these glands must
be studied in histology.  Some eells seerete mivevs ofther
secrete a ferment.  The parotid does not geerete inueus but
forpnentt.  Everywhore on the apper surface of the tongue
are glands (small) under the mueous wmembrane zome of
which seerete ferment others mucons,  Muecous fubricates the
mouth and food. The ferment lluid flows oul and washes
the erevices ete of the longue surfoaces, it washes away subst-
anecs that stimulate the taste buds so they rest and recuperate
and it also prevents bacteria from growing in the clefts, ete.
In somme gleknezses these glands are nob oetive henee the
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tongue is coaled, The ferinent of the saliva is eadled ptyalin,
it converts starches to supars. Most of the mas: of the tongue
is rrusele, the fibres of these run in all directions,  Some of
the vuuseles arise from bones nearby, especially from the
Liyoid, other museles. ave entively in the tongue itsell and not
attached to bone.  All the muoseles ave tnzerted into the con-
neetive tissue below the mucons membraue, this connective
tissue has many elastic fibres, 2o the tongue always tends to the
return resting position and form. The tonguo 13 very aetively
used in chewing, talking, sucking, Ouly maninals can suck, for
examiple, a hovse drinks witls head down but a hen lifts it head
todrink.  Mar's and maninals have a relatively small throat
which necessitates the food being chewed info smaller massea
than need be dove in Yower vertabrates, FRHERHD

Fromr the mouth the food passes 1o the middle and
lnwer pharvux and to the oesopbagne and thenee to the
siomacli,  Betwoeen the stomaceh and the mouatly the oosop-
lingus is for transport only,  The'pharynx transports food and
air.  Tha parts that carry air are outgrowths frown the phary -
nx-these parts are the nose, upperpharynx, larynx, trachea
and Inngs.  These will be deseribed under respivatory appa-
ratus,  IUis approximalely 16 inches from leetds to stomaecls,
the gesophagus is about 370 ineh in diameter. The sraeous
ticmbrane from teeth fo stowach is practically of the smne
strugture,  The oesophugus bas o modified strueture for pro-
tection in swallowing, it 1= tough and strong, extensible and
adjustuble. There are many glands associated with the mueons
wenbrane. It also has masses of Iymph cells like those of
tire lenticular papillae of the tongue, ‘The throat or Foaees
i% the narrowed middle pharynx,  The roof of the throat is
the soft palate and the lloor is the hase of the tompue. In
el side of the Fadvees are two vertical folds n Detwern
which are the fonsils,, this 1= found only in wanmnads, Fhese
muzenlar fold: ean be brought together, and, acting in
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conjunetion with the =oft palate eloses off the throal com-
pletely, so that even air cannet enter, The nyula iz the tag
which completes the elosing.  Close thioat and lips, draw
down tonguc and there is o sucking motion.  Birds, repliles
and ficsh cannot close their mouths (only manmials cau do
go) and therefore cannol suck,

The tonsgils are massey of lymph cells under and invading
the mucons membirane. There are deep pits in the tonsils,
warm and moist and there the bacteria live and wmultiply—
frome there disense may gpread all over the body—the tonsil
13 oue of the ports of entry of diseaze mito the bhody.

Pharyageat tonsid, W2 HESE High up on the posterior
wall of the pharynx is ancther area infiltrated with lymph
tissue. 1t is ealled the pharyneeal fonsil, Tt is well devel-
oped between the age of 2 and 12 years. When infected it
breomes enlarged and the resulting maszees are ealled adena-
idds. T Fil S

Glands scereting mueuas are abundant in the pharynx
but searee in the human cesophagus.  Tn other mammals
maeous and ferment forming glands are found in the cesop-
hagus—the dirtier the foed {he wmore are the glands.,  Henees
pigs and dogs have wove than horsesand eats.  These ghunds
probably destray and wash bacteria away.

The cmbryonic alimentary tube is made up of wueous
membrane only.  If conteing no blood or lywmpl vessels, no
connective tissue nor bones,  These are wll added by the
ventral or intestinal mesoderm.  The epitheltum B is the
all iroportant Iayer.  Ii lines the tube and it alome comes in
contact with the food and digests and absorbs it This layer
forms some salivary ¥ and all other glands of the intestines
and hag next to the cetoderm the most variovs and import-
ant potentinlities of any tissue in the body. In the head
and ncek it gives off the hungs and eustachian tubes HMRESFE
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il also gives off some glanda whose seeretions o directly to
the Blood streanmr.  These are ghlaods of Indernal socretion
wiieh bud off from the pharynx ep. the thyroid, B
parathyroid BB A snd thymus, B2

Tn the musealar ecab of the intestines iz 1he musele of
the wmueons mewbrane ealled the mwvzentaris muaeesae, s
funetion is to readjust the mueons wembaane when it g
pulled out of place as wlen a apienle of bone is swallowed,
The zlands and larges lymph nodutes extenid through this
musele i the eesophagus. Ouiside of this coat 15 a layer of
longe submiueous eonncetive lissue with many elastie fibres,
Blood and lymph vessels and nerves, This looge tissue allows
the mucous memsbrane to cxpand to the size and shape of
the objest swailowed outsiele of this again there s a thick
minsEele coat in two layees, an inner cireular and ouker long-
iwdhinal layer, which 1= characterislic ol the walls of the
alimentary ennal from the pharynx to the anus,

Wlhen food touches the inner surface of the totestinal
nraeosa then an aviematie proees:, repulafed by 1he nervous
svstemn, oeeors, the eireuiar anusele below the spot refaxes
arel aboeve v eonteacts, Thas fhe object inside is earried
dewmwards in and a wave of conlraetion of the cirenlar
mnscle foliows 1. The outer leugitsudingl Alees help pull
up the intestinal wall over the wmass as 10 Iz forced olong.
Thiz process i culled peristodsiz, BEEBE 1o (he jnleiline slomach
and lower paria of the orsophagns the proceess i slow, while
in the pouth and pharynx the proeces 15 rapid.

Avouned the mucons membrane of o mouth and plury-
nx not only i there muzele bat alse Bone and eartilage, The
upper amd lower Jows are Forowd by the mesoderm and en-
cloce the upper cnd of the indestines, Bopewhat lower down
ig the tongue (hyoid) bone aned the serics of cartilages of
the larynx, This gerbes suggests the sueces<ive bany arches

of a fish'e pharims with jaws and gitl @0 synhes,

LR
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In the human embryo the throat and neek are like'thosze
of a fish—the game bones being present in the same order.
The muacles are arranged in arches around the bones. . There
19 & series of gill clefts between the gill arches, The fish
breathes by the water which goes in and out these spaces.
In the human respiration is different. The bones remain
bat the clefta disappear. But there are pouches set into each
and the skin sends in depressions to meet the pouches, Some
of the pouches peraist in the adult. The first eleft i3 the ear
canal and the custachian tube comes to meef it.  Another
gill-cleft packet is arcund the fonsil and o thivd and fourth
become separated off from the pharynx and become the
parathyroids and the thymuas. The thyroid grows from the
front of the pharynx at the base of the tongue and not from
n gill pouch. Qur ancesters eontinue to live in us.

The museles of the phorynr do not preserve the oviginal
gil arrangement.  Sone grow together and sotne spread out.
They are broken np into many parts with speeial functions.
Thia is inevitable beeause of the many functions of the phary-
nx and mouth-sucking, biting, swellowing breatliing, talking,
expressing emotion value nmiovements (soft palaie and epig-
Iottiz).  All these are produced by inteatinal musele from
pharyox.

Many of the moventents are sudden and sharp and muast
follow one another in perfeet eoordination as in swallowing —
Speed iy ezrentinl. The wvalve like movements of the saoft
palate are produced by two mnseles arising from the hase of
the skull,  Below them and superficially placed are two
others arranged like an inverted Y wlnceh are attached to the
gkull and Hit the tongue and [arynx in swallewing and pull
up pharynx over the bolus of food whieh iz going down. The
muscles of the fongtie are not of intestinal origin but are body
wall nusele,

The pavt of the elimentary canad in the whdomen is abont 28
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feet tong. It changes nll kinds of Teod into fluids which go
to the Liood and lymiph for fuel on buililing material to the
bods cells.

This process is ealled digesation, A absorplion B
and exeretion.  HEP Tt iz o preat ehentiead Inhoratory which
does ity worl in 30 hours or lezs.  The allimentary canal 13
automatic and works night and day bub not always at the
game rate. Chemicals are reguired and munufactored as
needed.  This eanal eoniains ring valves which expand or
contract. 1t hag an automatic eleetrie signal and forwarding
svstem, o warchouse and a postal serviee, a police force and
ECOAVCITECTS,

This cunal is o long tubular faetory.  H=moin parts are
the stomach (11 inches long) ; Sroall intestines (23 (oot long)
with liver and panerens, Iacge infestines (5 feet long), and,
rectun (5 inches longi,  One general style of arehifceture
runs through ita whole length,  Inside s the epitheliva,
then o Inoze conncetive tiasue with viusenlaris meosaa; then,
the inner ciroular and outer longibmlinal musele tayvera,  All
are held together by an envelope of cannective tissue,

Two important foatares are T, the inner epithelinm iz
thin —only one layer of celle 1/LU00 of an ineh thick, whieh
while in the mouath and eesophagos there are 12-—15 layers
of cells. 2. Outside of all the rouals i3 2 siegoth, shing slip-
pery peritoneal membrane surrounding  cverything  and
attached to the posterior abdominal wall.  The npper part,
the storanch and 5 inches of the small intestines s also
attached to the anterior wall,  This slippery =urfaee perinils
{rce movenent.

The sfomneh @ iz o digestive waele in whieh the food
reinain about 4 hours, It is 11 fnelios lone, 4 172 ineles wide
ancd weigh= 4 172 ounee:, 1 can jwld 1 uaart of eontents,
Lt is mmoveabie.  Tt= position varies greatly a< also its shapoe.
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It upper half is wider than its lower half. It recoived food
on it right side.  The first oo received spreads out all over
the mucous membrane; later foods go (o the contra and do
aob reach the muaessa {or some tinge,  No matter how dis-
tended the stomach is, its surface 35 covered wiily the mucosy.
The mucose is ordinarilly (emnpty) wrinkled ad folded. It
ig & layer of colls 1/7040) inch thick. This mueosa is not all
flat membrane bul dips inte the vnderlying pits or well ke
test tubes, These are the glands of which ihere are abont
25,000,000,  This gland layer makes the mueosa aboul 1/25
ineh thick. Three or four glands open inte ane pit, und there
the gastric juice and chemical interaction of several pland
products oceurs,  These decp pits are really ehemical reforts
rraking HC1, pepsin, renned and ineens, and pour them out
automatically when we sce, tazle or smeil food.  Thoeze glancdy
secrete aB long o3 there is food in the lower part of the
stomach,

The main funetion of the stornach iz the digestion of
protein or nitrogonons food and §E i3 a elow and eotplex
proceas.  First it 1= treated with HGy anml Ferment and latoer
with ferments without acid.  The food becoioss a fairly Aaid
mass “chyiee ) ATHE and is then passed to the stmall intestines
for further treatment.  Little H o000z absoried in the stomach
hut is passed furibur along the eanal.  Some famls, aleohol
and sugars are aheorboed from the stomaeh,  Ouizide the
epithelinm iz the loose conneciive tissue filling the spaece
between Lhe glands and earrying the Bload and Lywoph supply
and the nerves—the Iatter are the telepraph cleclrieal syrstom
delivering megzagea from the hrain,

Stomueh muscles are strong.  The eoats are an inner

“eirgular and an outer Jongitudinal and an additional ebligue
layer In its upper half, The circular fibees are cspecially
thick at the openings of tlie storaach., T upper ring or
valve at the lower endd of the nesophagus is usnally elosed aned
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openswhen food areives. This isan antomatic action through
nerve control,

Foad goes through the pharenx and ovsophagus very
rapidly-a Fraction of & second, [t is held up 2—3 seconds at
tie ring.  This ring etoses to keep stomach eontents i, if it
didd not owr food would regurzitate into owr mouths.  Sprme-
tirpes It ddoes--in vornidting., Moessages feonr irose o ooy
{(Ladsmolly or tastes), brain, from stowach itsclf, from in-
ner car (sei-stekness), uterng (vontiting of preguancy)  and
many othier parts will cause thiz gate to expaud and voiniting
olten Follows 1T messages arve saiflcient and continuous.

The stomach opening into the ttestines i3 called the
pyforns, M [Lis o thickened cirenlar miuscle valve, the
strongest and most tiveless v the body. Pressure will not
open but elose 16 more frnly,  Ouly when the fuid and acid
eontent of (he stomach contenis s ripht will i open. Lt
apens rhyihrnniealty Fromy tione to e and allows the Hoguid
acicd content. ihrongli.

The lower half of tlie stomach is the most setive pard.
Its eireular wiwscles conleact vigoronzly, 8 wave of conlene-
tion from ils middle to the prlores passes cvere B —20
zoconds. These waves churn and mix e contonts with
pepsin mwi acid.,  The movements are aulomatic but are
inluene =d by the brain, Anger, fear, warry ete. retard Lhem
while checr ad foy neemere thein, Thess contractions on
an empty slomach exuse hunger sensalions.

The upper part of the stomacn 15 a resorvaie of Yood amd
rag, It acts nz g cushion for the lungs. In digesiion, the
eontral part is Gte:d witly the last part of the meal and re-
maing alkaline for & tive From the ptyalin FEE of the salivary
glands of the wouto.

The small infestine AP 12 U tnnst Tieportant part of the
alimentary eanal. It is 23 feet long ad 13710 inelies in
widkth, s (::rpnc:[tf 1= 3 guarts. [ dizesi= and absorhs (ool
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gnd #orez temporarilly wlhat ia not immediately needed.
Thgestion ig more netive in the upper, than the lower part.
Abeorpticn gnes on in its whole lengih. The Neer BF is the
warehouse. and ia an extension of intestines connceted with
it by the bile duect. The duct of the punereas BRI enters the
inteatines with the bile duet. '

The small intestine is arbitrarily divided julo 3 part—
the duodenum $ = FRHE (11 inches) | the joiunum 228 (8-9
feet), and the ilevmn ZABR ((2-14 fect), The dusdenwm is
fixed, all the rest ia moveable.  The food pas=es through this
canal at the rate of one inch a minute. The epithelinm
digests and sbsorbs food. The length of this cunal iz {o give
a large surface for these duties, and i3 4 limes the height of
the persen.  The surface i3 ingrrased by ciceular folds and
villi. There arc about 900 of the Tormer, and 20,000 of the
latter (to a square ineh).

Foari enters the intestines towards the end of its dipes-
tion, Fhe protein i3 nearly abt digested. 1 presence eanses
s chensieal retarg fo pour out their producta.  These are
mucus and enzymes,  The later ave of colloidal matter and
breal up the food into absorbable substances,  The etizyroes
come from glands of which there are about 4,000,000,  These
enzymes act on proteins, fats and earhobydrates.  These
glands are not sufficlent for their job zo they are assisted by
the pancreas and liver.

The panereas and lizer are enormons glands, whick furnish
more than a pint of chemieals daily.  This fluid entors the
small intestine near ita beginning and so acts on the mass of
food, The pancreatic f1uid lbelps digest proteins, fats and
carbobydrates, the liver Jdigests fats.  Food in the intestine
cange the pancreas to give up secretin,  This is a hormore and
acts an the food as a ehemieal digestant.  Absorption is
cffected by the intestinal cells and those on the villi. The
ecll= of the villi $&7E are a living sieve for liquids.  There is



— 183 -~

a power of choice in the cells, some subsiances go throngl
aud olhers do not. The passage is through the cells not
hotween them,  All kinds of substanees swallowed are in the
bowel.  Some of these wonld be poitonous if abgorbed. Dut
in life the eolls of the bowel and villi protect us from injury
and, or, death.  This laver of eell: i3 not always healthy and
cilicicnt and may beeame the portal for disease eapeetally the
degencrabive diseasos of advancing age. A littde indigestion
for vears, a little soeping through of noxious (luitds means 8
cuannlative effect aiud the arteries are hardencd {aclerozod},
the kidness injured and fhe spinal cord diseasmd.

Theae absorbing cells are attached to the loose underlying
conneetive tigsue and gpaces exist betwean those attachments.
These spuces are conlinuous and form a fluid system into
wlich the eolls pass the flatd food they have albsorbed, pro-
teins are hroken info simpher moleeules; fats ehanged o
water: solubde fatty acids and glycerine and carhohydrates
juto some form of sugar. From these spaces the blood atd
ivmph espillaries tnke un the food andd earey theny to all eclls
of the body.  There are other eells 1n the intesiinal wuaeosn.,
Goblot eells seerete muecas for lubwieation of the food.  There
are lymph nodules especially large at its lower end.  In them
lrmiph eolls grow up aid heeome wandering eclla. These
Jvmiph nndules are police and scavenger messengers. Solts of
mietals injected hypoedernuieally are exercted largely by the
baeravie],

I eves of peristedsis move the foald along in the intestinal
canal.  The miusele eont of the bowel s strong espeetnlly in
ihw upper part.  The woves ave Interpiittont and wove Yood
only & litile at a time.  Debween the waves local contractions
churn the food and break it into simall masses.  Thus the
food iz mixed with the digestive juieos.  The outer periforend
eout 13 smooth and slippery and permits the eoils of the bowel
to move frecky on eacli ather withour frietion. The forge
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intestine ia the third part of the bowel. Only rteptiles, birds
and wmammals have it; fishes and amphibians do not have this
prgan. It is the large fermenting vat of the human factory.
It handles relatively indigestable residucs and regunirves time
ta do it. Food and ite residue remaing in it 10-48 hours. It
ia 56 inches long and has a dimwneter of 3 inelies at its
commencement and 13 inches at its terminsiion. It has
agcending, transverse and desgwnding portions, with two
bands, the hepatic and the splenic,

In the large intestines the reinaing of the food which was
rnassimilated, is broken up by bacterial fermentation. These
foods ate chiefiy carbohydraies and the baelerig make sugars
of themi.  These are absgrbed before the swarm of bacteria
con eat them up. :

There 12 a valve whers the smalli bowel enters the large
bowel {eolon), this ‘eontrols regurgitation. This opening is
on the side and not at the eud of the eolon. The hiind
terminal portion of the eolon is enlled the erecrm. B S This
portion contains “‘mother’” bucterin. When the azeending
colon passcs on the food not all the bacteria go but many
remain as ~ mother™ for the next consignment of food. .

The colon has gmall glands but no villi. The absorbing
cells take up woter and sugarreadily.  Themuscle coat of the
colon is pecaliar in that it has 8 longitudinal narrow ribbons
throughout its whole length.  The cireular coat is eontinuous.
The contraction of the long strips produees a series of pouches
between the ribbons.  The food entering the egecum is Quid
but absorption of the water soon makes it o paste. This fills
the ponches and the civeular fibres ehurns it up so that the
fermentative action can readily oceur. It takes from 12-48
hours for the fond to travel through the large bowel,  When

-the stomach receives food there is a nerve message sent the
eolon and the feod moves along from one of ita threr parts to

another parl.
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The rectrem Y i3 at the end of the dezesnding eolon
and reecives the residue passed om t::) it. The mass of facces
in the rectum sels into action a “‘touch button’’ nervous
nmiechanism which sets the muscles of the descending colon,
‘the rectam and the abdominal wall into mmotion and at the
game thoe relaxes the eireular sphineter of the anus to relax
and thos there oceurs defecation.

The lymph vessets BRPLEE wre deseribed under lymphatic
systeim,  They earry away most of the faf and discharge it
fntg the veins in the neek.  Hyeory vein from the bowels goes
to the liver and earvies there the profein, sugar and starehy
fuosds absorbed from the stomach, small bowel, and large
bowel. The sugar is stored in the liver and is given up to
the veins ag necded for the cells of the whole bady, The
liver is the living storehouse of the body inowhich some final
clranges oeeur to ninke the food assitnilable and wholesome,

ORGCANS OF EXCRETION.

There are 27 mitlion million cells in the body, whiclh live,
cal work, constantly dic and disappear.  Food for the cells
is abtained through exidation by the actiou of cnzymes, %
Wasle products are produced, e.g. COy, H0 and cerlain
wineral salts, The blood carries [ood 1o the eells and waste
matler from them.

Celln dic and are caten by phagoeytes BUE and are
transmitted vin the lymph to the wveins,  Taod eaten is
digosted and absarbed from the intestines and  thenes goes
to the blogd,  Coells will only aceept suflicient food for their
activities, Lxcess [ub and carbohydrate food may be absovied
and storod up as fat but profeing of the food are not stored
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up. Proteins and bacteria and their products in infectious
dikersea must be aliminated,

The bood ie marvelously coustant in composition. Waste
products do not accumulate init.  The constancy and purity
of the blood is maintained through the excretory organs.
These organa are the ekin, lungs, alimentary ecanal and
kidneya.

The fungs climinate things that are vapourised,  Most of
the COy and 1/9th of the toth .0 exercted pocs off by the
hreath. Alechol, camphor, creasote, balsam, chloroforin and
ether are samples of drugs eliminated by the lungs,

In the skin are many sweat glands, FFRE Buch gland s
a coiled tube murrounded by blood eapillaries, Water (sweat}
is taken from the eapillaries fo the tube and exercted. Othor
substances held in solution go with the sweat. Bromine,
sulphur, lead, mercury, arsenic and iodine are exereted in
this way. About I/4 of the 10 exereted from the body i3
carried off through the skin.

In the alimentitry eanid {3 €38 colls of the blood and
Iymph capillaries easify take up food in zolulion and the
Teverse process is alse possible and substanees from the
capillaries are exereted in the facces.  Lime, phoaphates,
iron =salts, Dbianuath, copper &nd  aluminwm  are thus
excreted.  Morcover insoluble substances may be carried by
phagocytes through the capillavy walls info the intestines and
be thrown out. Porbaps this funetion explaing the masses of
theeca erlla in the tonsils, EBEB#fl TPeyers patches amd
vermiform sppendix. B The intestines play an hmportant
part in exereiion.

The main organs for exeretton are the Liddneys.  Thoey take
golnble substances in solution in the blood and throw them
“gut in the urine. TFhe amounl exereted varies groatly in
health, They are a chief apparatus for keeping the blood
gniformly eonzlant in content.
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The units of the kidneys are the kidney tnbules or neph-
vons., They somewhat resemble sweat glands, Each kidney
has about 1,200,000 nephrons and their total length in an
adnlt man i3 about 75 miles (225 li). They are long but
cxceadingly fine in calibre.  Raeli is entirely surrounded by
capillaries and 2 eonstant interchange of fluids goes on between
the nephirons and the blood eapillaries.  The nephrong deli-
ver fluid to their coliecting tubule. The nephiron is of 4 parts.
Al the end each iz a siatl badl 17200 inelr in diswefer. 1§
iz o cup with double walls, the inside of which ig filled with
blood eapilleries. 1t is called the capsede of Bouman. EE 95
The capsule ig connected with the 2nd part 2 much convolu-
ied amngller calibre tube of a2 U shape aud about 1/200) inch
in diameter in its deseending fimb; the 3ed part of the long
17 shaped loop is the gacending thicker tube wlich pusses iinto
the U part. Thisz 1h part pazses over and encloseg jts own
eaps=ule aid joins a second convoluted tube which passes into
a colleating tubule, the terminal bwig of the collecting tubules,
The nephron is the exereting ngent,

Bazh of the 4 parts of the nephron has a speeial fune-
tion. Part 2 exeretes wrea BEFE and other waste products.
Urea is the cnd product of the bLresking down of proteio
foods on body tizsues. Some of the substwinees exercted are
polsonous, and, i anweh is left in the blood, uremie
poisoning vesubts and death.,  Part 2 also reabsorbs some of
the zoluble substance and H,O; bat parts 3 and 4 do more
reabgorption and in the latfer the lnal adjsstment of fluid
balance hetween the blgod and urine is completed and the
norimal luid enmiposttion of the blood 13 maintained.  Of the
12 guarta possibly exereted by the eorpuscles all but 4 pints
are reabaorbed,  This is the nornnal outpuat of urvine per day
for an adult man,

The collecting tubules ure likened to bush stems, the
leaves of which are the nephrens.  The nephirons are arranged



— IHp—

in from 12-18 groups, cach contaibing sbout S0,000. 1his
group is calied 2 rendd pyromid.  The end of cach nepliron
joins the end of a twig of the collecting tubules. Tl nophirons
and collecting tubules have a different embryologieal history.
They become connected late in foetal life.  The eollecting
tubea are arranged like a shreal with 10-25 slalks ench extond
up. These spread sowewhat and branch tinl there are 80,000
termingla. Te each is attached tlie nepliron,  These with
the tnbes and loops are ramidal in shaps and is enllesd a
renal pyromid. $5 240

A prramid with its wephrons is 8 fobe of @ Fideey, of
which there are 15 to 18. Between the lobes the arteries
and veins ron froma the hilus of the kidoey and give off bran-
ches to the nephrons, The interior end of cach pyrramid is
composed of collecting tubules.  The outer bigger part of the
nephrons iz called the labrynth or cortex of the Kidney,

The lobes of the human kidney are not sepacaled from
one angther,  Each iz distinet ag o bush in o chonp, The
blood vessels are between and the lobes seern to run fogellior.
The lobes have no fibrens capsule and do net move on cach
olher as is the eaze in some aniwmals.  The human kidney is
enelosed in a single fibrous eapsale.

Atthe apex of each pyramid {papilla) from 10-25 colleeting
ducts which open through as muany small foramina, T
urine discharged from them is received into one of the 18-20
funnul shaped cnds of Lhe areters. The ureters ave the two
ducts, one from each kidney which carry e urine to the
urinary bladder. Their endurged wpper end is the pelow of fhe
Lidney. TEach ureter iz attached to the surface of the py-
ramids. In front and behind the pelvis the arteries and veing
enter the kiduey and branch between the lobes.

In the embryo the kidneys ke in the pelvis. During
[oetal life they ascchd to their adult site where they lie on
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each side of the vertebral eolunin in Front of the 11th and
12th ribs downwards to the 3rd lumbar,

Lach wreter WAL is one foot long and 1/5 of an ineh
wide, ‘The urinary bladder stores the urine and from  Lime
to L discharges it. This bladder holds from 1 to 1 1/2
pintz.  Fhe walls of the ureter have an inner mucous layer
and an outer yuuscular eoat.  In lhe ureter the mucous
layer t2 mesodermal inorigin, in the bladder it isendodermal.
In both, the wueosa is of several layers the eells of which
glip sidewny= on each other on distension of the bladder and
Leecrie {lettened with pressure,

Tie musele eoats of the ureter are in two layers, an inner
longitudinal and an outer circular-the reverse of the arrange-
teetil i fhe intesfines,  The long fibres widen the canal and
1l others foree urine by waves of contraction to the biadder,
=tones somnelies Tovin in the pelvis of the kidney enter
ureter, bloek i, and waves of contraction are =ct up which
earusers an nkense forne of pain.

The muzele eoats of the fedder are strong at the bases
aml weak at the upper part. The wpper part is the distensile
part and in the (ibres are many elastie fibros 1o assist, in the
gontraction of the bladder, to foree the urine out,  Near the
Luse the musele fibres loop around the the arethra through
which (e urine in dischorged.  This oop is a sphinoter
FEHIIL and nets as an automatie stop.

Uzually the museles contract fo control the discharge
of urine but when the bladder is greatly distended they
automalically open,  The other bladder museles contract
under distension, the sphincter relaxes.  This is a sample of
the aulotiatic mechanisms of the body brought about by
cooperalion with the nervous syston.

The dizcharge fube fer the bladder is thwe weethra. JRilE
1t is 8 inches long in the male and 1 172 in the fomale.  There
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ia a second amtomatic stop of cross fibred muscles in the
urethra which ie subject to voluntary control. 1t is about
an inch bevond the first or involuntary atop and in the male
Hes just beyond the prostate gland and in the femiale at ihe
outer end of the ureihra.

The urine iz & fairly concentrated sclation.  These
substances in sclution tend to crystalize put if there be a
mioate particle of solid matter in it. 3uch purbicles are
formed sometimes in the kidney pelvis from nephrons killed
and thrown off and thus stones are formed. ‘l'hese stones
are mote commeon and larger in the urinary bladder. Their
nuoelel being formed of dead epithelial cells or baecteria.

MUSCLE
(See * Hand and Brain’’ )

The chief tissues of the body are; muscle, bone, faf,
cartilage nerve and connective tissue, Bluscle comes from
the word “‘mius,’’ & monsge, and means a little mouse. When
you ¢ut the sheath of & muscle a wave runs along the muscle
tissue like a geurrying mouse,

Movement is the most striking and valuable trait of all
ammals. Al movements of the body are made poszsilble through
tle action of museles.—Meat is the musele of dead (.o, with-
out movement) animals used for food. Our reaetions with
ot environment to persons and things are expressed in
movetient.

Many of the muscles of the body are responsible for ils
ghape. Museles are formed of a soft reddish material which
peeuliarly possesses the properties of contraction and expan-
gion, - In tnachines there i3 a push or shove but muoseles
gutll ~—Muscles may contracet one hall of their length,  Their
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tissne i3 not homogeneous but is formed of an enormous
nuimber of fibres bound together by tissue into suifable shape
for particular uses. There are over 4,000,000,000 muscle
fibres in our bodies.

Desides all the meclnieal work of the body, muscles
peoduee practieally all its heof. ¥ Their contraction and
oxpansion gencrate heat.

Conscious visible movement 13 not the only moverent
of museles, it fakes more musele activily to stand than to lie
down—-lience we have more heat on standing than lying, there-
fore, we use bed clothes for heat,  Musele is found whenever
movernent i needed—limbs, heart, infestines, blood, vesseals,
viscera of abdomen, ete. Musele forms b3% of an athletic
and 40% of an ordinary person’s hody.

While nearly ulf movements of the body are cavsed by
gontraction of museles yet there are ab least two other kinds
of movewnent viz: (1) seavenger eclls of connective tissue
which engulf bacleria and debwiz. (2} movenent of eilia;
c.g. the interior of Lhe nose and the trachea are lined withs
cells swhich have projecting processes ealled eilia. [

These move all together in a definite direction with o
definite rhyihi, They move debeis froin the intevior to the
cuaterior of the horly,

Muzeles have a body or belly and two ends.  The ends are
psually tendinous and are attached ss w rule to bones, Tlirough
eontraction of the muscles the Joints, ete. aro moved. The
tendon does not contract, it just trananits the puil. The
tendons are the hands of the museies,  Muzcles are usnally
surrottided by o Sein sheath and are indepondant anits as-
snglaled in definite groups.

Moverments in all directinns may he possible in certain
joints. Aecording to the movemsent they produce museles
are classified as flerors, B exfenzos, B rdductors W8 and
e, M
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Muscle tone ; all muselea of hody are In a constant state
of tension called muscle fone—1this iz a state widway between
full confraction and relaxation,

This tone is maintained while life lasts—it iz considerably
lessened in anaesthesia and with insensibility. Relaxion of
tone iz frequent in all musecles ez when a flexor contracts
the cpposing extensor muscle moust relex gradually to permit
movement and when the extensor contracts, the flexor
relaxey.

There are three pariicuiar kind of muscles—Voluntary, B ¥
BL Involantary, “REEM AN Cardiac. 3B

There are three kinds of muscle fibres:

{1) Long striped (skeletal muscle or voluntary};
(2) Short etriped (heart or cardinc);
{3} Smooth or. plain (intestinal or involuntary).

Theee do not mix with ecaech other but sometimes thers
is overlapping ot junetion pointa.  Yoluntary movements are
produced by long striped fibre museles, but they may act
in a few involuntary movements, ¢.g. sneezing and coughing.
This type of muscle makes up 696 of the 782 museles of the
body, Musele fibres are fine threads tapering at their ends.
In length they vary from 1725 to 2inches {1 1/4 inches being
an average lengih, It takes 600 eide by side to make an inch.

Each flre is striped transversely, 8,000 siripes to an
inch, and Letween each transverse atripe are hundreds of still
snaller fibrils rmnning lengthwise, There i3 @ nerve fibre for
eack muscle fibve.  Fach fibre of a muscle has its sheath with
blood eapillaries.  The total length of all musele fibrey inan
average person iz 1 1/4 inch = 4,000,000,000=380,000 miles
i.e. would extend nearly 3 1/2 times aroend earth at the
equator. Single fibres have little strength—the strength of
museles lies 'n group action, The biceps sontaina 360,000 of
themn.  Fibres differ in size.  As a rule fibres contraet at the
will's command— except those which give a musele its “‘tone’”.
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Slight tension is always present in liviog muscle.  The mave-
mentz of voluntary musclesarcunder the eontrol of the brain.
Muascle action ean be shifted 40 tirnes a sccond.  Combina-
tions of wuscle fibres are limitless and we each learn from
youth how best we can use eertain combinations in the best
way—nno two persons use the same combinatlions. That is
one reason why wriking signaturcs idendifies people. We play
on our muscleg a8 on an organ.

Experience teaches u3 what suceessive combinations of
musele fibres make harmonious movements. The central
nervous system calls billions of muscle fibres into harmonious
gequence of progressive aclions., It takes about 40 stimub
from ncryes to kecp muselss in ¢ontinuous action. A wast
tesk indeed has the central nervous sysfemn to accure the
rhythm and beauty of motion.

Muscle fibres of all kinds ean contract automatically.

Each variety of muscle has been kept alive outaide the
Lody in proper fluid in a laboratory incubator.

Euch fibre contracts rhythmieally  without outeide
atimulug at the rale of 70-120 o minute. The exact reason
of ihis vhythm is not undersiood but it iz believed that o
change in =urface tension of fibrils is the controlling factor.

B S U N

MUSCLE ACTICN IS OF FOUR KINDS,

Mot all the fibres of & musele aet ot one time and no
musele acts alone.  When the muselea of the fore-arm act on
the palimar side of the fingers they contract and bend the
fingers towards the palm but sowme Abres of same of Lhe finger
museles on the baclk of the forearm also contract ot the same
time oven though their main action s lo pall fingers from the
palm.  This action aof wuseles is called antagonizin—the
muzeleg of the front and the baele of the fore-arm are andoe-
gonists IKIER this mntnal antagnnisii belween muscles
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directs, controls and steadies motion. All muscles bave
antagonists which contro!, steady and cooperate topether. A
musale does not et when gruvity does it work for it.

Most bones have many tendon altachinents and they may
all pull at once--the motion assumed is the resultant of ail
the pulls in the direction of the sfrongext pull, 1t is the sumn of
many forces acting in different directions,  All the muscles
may, can and do act together. They are therefore synergists.
G FEA The wmusele making the strongeat pull on the bove
at any one moment jg ealled the prime mover of that moment-
ary motion.  Anfegonists and sy nargiats Join tomodify motion.

Gravity is a constant {actov in musele action hoth assigt-
ing and opposing. Without gravity all muscle movement
would be ehanged.

If we grasp with our hands something above our heads
and pull, the abdominal muscles contract forcibly. Why so
in armm motions? It is because they hold the bonea of the
chest firmly g0 that 1the shoulder minseles which connect the
armn 1o the body will have, a firin base {rom which {0 aet.
This is called the action of fzation. When standing and
working with the artms and hands all the muscles from ihe
feot to Lhe armns are engaged in fixing.

Museles thevefore act in four ways—prine movers, widu-
gontsts, synergists and firers,

One eannot sasily learn the fanction or action of every
individual muazele. It is better to proup the muscles as to
function e.g. of the four muscles of the guadriceps exlensor,
group of the thigh, ecach has an individual funetion but for
practical purposes, study that museles’ combined wetion-—IL is
cesentinl to know the genersl course of the nerves and arlerie,
g0 that these may he borne tn niind in referance to possible
damage by the ends of fractured bonez,  Thie is especially
necessary in cousidering the necves from the brachiul plexus
to the upper extremity.
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SPECIAL MUSCLES.

Muscles of expresgion:  The muscles of the face arize usn-
ally from bone or the deep fascia and are mainly Trserted in
the shin. Therehy the facial expression of emotions is portray-
edd. There are in connestion with the ear 3 musecles that
could move the ear in 3 directions but they are too feeble s0
to do.  In the foetus the ear and facial museles are conneeted
together in one gheet. Al of these are formed from the
inlestinal eanal inaseulnivre. Lrmctions tnay cmbryologicsaliy
Le originally from the body and not from the reasening part
of the Lrain,

Muscleg of the eyer,  The eyehall has six museles sttached
to it; four rotate it up, down, right and [eft; two roll it top
1n amd top eut. These muecle eoordinate, the musele of the
right eve (lateral side} works with the one on the median
side of the left eye, cte. This corrdination iz harmontous aind
i# effectod uneonsciously by the brain.

The omoligoid 18 BR 75 4% Bl ccrves the vascular system,
When it coniracta it preventy the deep faseia of the neck from
being depressed. Tt therchy assisizs the bleod circulation.
{Spe giveulation of bload.?

Tlie fexar musclea of the fingers ave somewhat shorter than
the extongors, Thus the resting position of (he hand iz one in
wihich the fingers are flexed; Loy and the thumb all furn
towards 1the palm.  Fhe realing postteont 13 tmportant becouse
them there 15 the least strain ond repatr goes on most vapddiy.
Tihis positionn may nof be the best working position and in
cazg of injury of c.g. the fingers when ankylosiz will oconr
the sargsen may not weant the part fized in this position.  In
cases of fracture with no complications in the joints and
particularly in fractures of the foremrm the position of rest 15 uey-
el the best position i.e. put the arm half may between prova-
Licar and sapinalion.



The muscles of the abdomen and thorax are of three layers.
This construetion gives strength. In case of an ingision through
the three layers, the contraction of the muscle fibres in three
directions prevents the persistance of an opening bat it is
always wiser when possible to make the opening through tie
layers by tearing not cutting the fibres in the avrmal direction
af their pull.

The digphnamn. Rl The innertnost of the three layers
of the thorax is almest entirely absent. During development
thig layer moves down and becomes the diaphragm. It is
prezent only in mammais. [t proteets the heart and lings
lving above it from the high abdominal pressure which resuits
from great bodily activity, It, with the abdominal rnusele,
prodnces the greatest abdominal pressure which i3 an essentinl
factor in the hirth of the young. The position of the diaph-
ragm in mammals protects the heart and lungs from overdue
pressure during parturition.

The pyromidaliz museles BREEAL i« apparently a vealiginl
remnant. In the opossum ete this muscle is aftached to a
boue outside the pouch for their young and its contraction
gerved to open the pouch.  In man its function is anknown.

TENDONS JJiLhe
( See Tendons and Tendon Sheaths of the Hund ).

The body of the muasele doea the svork—the fibre of the
muscle contracts individoally when it gets its eatl from the
brain. The belly of the muesele is formed of these muscle
fibres. Tho ends of the museles have tendons,

Bome tendons e.g. of dngers of the hand are 12in. long.
Such a finger tendon is comnposed of thousands of slightly wavy



199 -

while fibrez of bluish irideseent eonvective tissue all in par-
allel serice and arranged in bundles.  Bome elastie fibres may
be amongst the connective tissue fibres. Each tendon fibre
is attached to a musele fibre so clogely and firmly that the
foree of the musele will noat break the fendon fibre. The
musele fibee would breals before the tendon fibre gives away.
Such an injury is called ‘Charley horse’’ by athlotes.

The tenden has a delieate sheath continuous with the
musele sheath.  This sheath earrics blood vessels to nourish
muscle, and lrmph vezsels to earry off 1he debriz muscies and
nerves,  Some musele fibves do net reach ihe tendon and
their pull is meade on gheath whiel transmita it.  There ace
some filres in the connective tissue sheath which ron erosswise
af the musele. These prevent too grest cxpansion of muscle
—the expansion at middle of the musele being in proportion
to contraction of ends.

The length and position of the tendong and the zize and
position of the rauscle veveal the beauty and mechanical
ndjustment.  When muscles overlie each other the lower
oie i3 apt to be tendinous beeause the overlapping prevents
its contraction lengthwise. Opposite joints where a mass of
mruzele would prevent the bending of the joint the muscles
are tendinous.  When a mruscle is in fwo parts as the cmoel-
yviod and the ends go in different divections the pivotal point
is tendinows.

Muzeles maszs 13 disposed about the bones of the litmbs
lo give them beauty and give the correet shape for mechanieal
nse or function. [T the muoscle 13 sometimes far from the
parta on which it acts then there are long tendons.  To
prevent lendons from pulling away or aliding sideways (rom
adaint during its moverment the tendons are held by igaments
and they alide in grooves on the bonea. Some museles act
atr parta which are separated by two or more joints in sach
ensed ng in the fingers some tendons are very long. Bome fore
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arm muscle tendona acting on the end of the fingers pasa over
gix joints. The=e tendone are held down by lipaments at the
wrist and on the fngers. On the palwar side of the hand
such liganients are joined to form a tunuel through which the
tendona glide. At the ankle the tondons worlke soruewhat dif-
ferently.

Fulrication of fendons—under tendons soch aa at the
fingers and the wrist—frietion between tendon and ligament
iz provented by bursac. These are closed sacs containing
lubricating fluid they do not entirely surround the tendons—
for on the edge facing the boues there 13 a epace for nerves
and vessels from the bone to pass to the tendon sheaths of the
thumb and little finger are lemger than on the middle fingers.
Thus infected wounds of the thumb and little finger tendon
gaces are more extenzive and hence more dangerous.  Most
tendong are attached very secarely to bones (externally and
internaliv) so that the bone will often tear before the tendon
does, All musecles have tendons of some 2ort bat they differ.
Some tendons, a3 in the face, are attached to the skin and
produce =kin movenmenta in faciol expression. In the tongue,
tendons are attached to connective tissue and so0 esuse it to
lengthen or shorfen, curl ity tip or move side to eide. On
the front of the ebdomen the tendong are broad and Rat like
membranes. DBetween the rilg tendons are se short they are
not seen.  Tendons spmetimes concentrate the action of a
large muscle at 4 small spot ooz delioid, biceps, and psoas
cle. Apnin in the fingers the action of the muscle mass is
divided and aets on severn! tendons to different pards.

The abdominal museles move the thorax and hold it
firmly ns a base {or arms ete,, but the abdominal wall has no
bone in itg anterior part to inferfere with bending and breath-
ing s0 the tendons are woven info a tough clasiic membrane
which gives strength with flexibility.
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SKIN.

The skin i3 the chief agent of the body in its relation to
the body’s environment. It is the cover of the body. It
st be sensitive to react to its environment, It must defend
tie body against vielenes, loss or ingress of water; and, other
fluids and minterials.

1t must keep out bacteria and peisons, it regulates the
tempeorature which iz constant, iF the body i3 in health: it
provides for bath retention and loss of heat; it provides
weapons of defense and offense; it 1= exposed fo wear and
tear, and renews its surface that is seraped away; it provides
nourishment for the infant; it keeps the surface of the eye
eovercd with salt water; it forms a tube that allows air
waves to get to thoear drum and keeps inseets out; it provides
a firm gripping, nonslipping sarface for the hands and feetf,

Tle total weighi of the skin is about 6 Ihs; its areq abant
20 sq. fi.; its thickness .5-.4 mn wvariez greatfy. The rela-
tion of skin surface & body weight 13 important in relation to
aiv contact, ecase of wovement and for radiation of heat.

The infant with more gkin in proportion to body weight
gets cold more guickly than the adult,

The skin absorbs from tiie sun eertair: rays which are
health giving.

The skin not only is a protection againet the entrance of
bacteria but probably also has a bactericidal action.

The skin is elastic and varies from 1/50--1/G in. { bnomn-
dmut.} in thickness. 1t iz thinnest in eyelids and prepuce,
and thickest over back of neek, back of ghoulders, palms,
and soles, Ity cofor deponds in parl on the blood and in part
an the pigment . The decpest hue is at anos, genitals,
LEPHER axillne, mammary glands, and the parts exposed to
Light und temperatare.  Color varies with age—pink in babe,
anid yellow in old age. 1€ varies with exposure and elimate



being deepest with tropical sun exposure. [t variez with the
race, e.g. white, yellow, brown, and black races, Certain
digeases change color, ¢.g. pale in anaemia, brown in Ad-
dison’s, yellow in jaundice, ete.

The skin iz wsually movealle, somelimes iz closely at-
tached, e.g. scalp, paling, soles, and outer portion of pinna
H¥ of car. The ekin is fairly snoofh but it has multitude
of openings, creases ¥§, furrows ¥, depressions, folds, and
hairs. Hair follicles 3 open npon the surface, ulso duets of
sehaceous and sweat glands.

When the skin i3 punctured by an awl it tends to split
in definite ways. These clefts are called deavage Hnes 334
(G 872-3) of Lapger and depend uvpon arrangement of con-
nective tissue bundles H in the corium BH, and these
bundles influence the formation of folds and furrows.

The skin coneists of (wo fayers: epidermis and dermis.
I, Cuticle, Epidermis, or Scarf skin, is composed of layers of
epithelivrn and is derived from ectodermy M RTE. It is
stratified 3 )% B B and iz devoid of blaod vessels, There
are two layers: (@) superficinl or horny, (5) deeper or Mal-
pighian.

Horny: lavers of non-nncleated sealey cells—cells of kerat-
in. The surface ¢ells are being constantly rubbed off, and being
replaced from Malpighian layer whieh hecomes converted
inlo keratin B3, Malpighian loyer is divided into four: —

(1} Btratumn lucidum 5,

(2} Stratum granulosum B,

{3) Stratum mucosum MR,

{4) Stratum germinativam R Jiz = %F,

2. Corium, cubis vera, derinis, or true shin is & connective
ilzane which arises from the mesoderm. It consists of con-
nective tissue and elasiie fibres, It contributes elasticity to
the skin, and is the =cnt of sense organs, it is of fwo layers:
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papillary and reticular, The Pupillory layer lies just below
the epidermia and containa the papillac. It i3 composed of
fitic bundles of fibrous tissne, papillae of fine connective tizsue,
and elastie tissae.  They projeet fronm the eorium and enter
depressions in the epiderais.

In the face, cepecially the eye-lids, they are insignificant.
On tlie penis, palins, soles, and nipples, they are large. In
palmer surface of fingers and toes they produce permianent
ridges.  Duets of sweat glands emerge, betwesn rows aof
papillae and open on eurved aurface ridges. Most of papillae
contain capillaries—vascular papillae. Some of the papillae
contein nerves—nerve papiilae.

The Deep, or Reticufor, rests on subcutaneous fissne, It
paszed into the papillary layer and into subeataneous layers
with sharp line of differentiation. In the nipple the deep
fayer of corium lies on musele,  Int the face this muscle tissue
iz strinted ¥ and sends prolengations to papillary lager. In
nipple and scrotum it 15 nonstrinted.  The relieular layer is
commposed of hundles of white fibrous tissue arranged in net-
work., In the meshes of network are fat, blood wvessels,
Iymphatics, sebaceons glands, aweatf glands, and hair follicles.

The subeufaneous aveolar fizene connects the skin to parts
benesth and in mest regions it contains fat, but in serotum,
exclids, external ear, and penis there is no fat.  When fibres
of this tissue are long and nearly parallel to the skin the skin
becatmes wrinkled, when short and ab right angles to skin
it cannot wrinkle.

Superficial or Skin Beflexes: In slroking the skin in certain
parts af the body there iz o definite resction from the irri-
tntion and this reaction is due to a nerve reflex, e.g. in
stroking the inner side of the thigh Lhe testicle 1a drawo up.
In =ome dizeases this reflex are is partially or wholly in-
hibited M 1E ¢.g. syphilis.  In other diseases the reaction is
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-jneressed, e.g, in hyateria JEHE SR EEHRLIR). Sometimes the
reaction is absent in heaith,

The epidermis is the important part of the skin and per-
forms all of its functions. The dermis serves for nourishment,
support and mechanical strength.  The horny layer of the
.epidermnia is the one wlhich comes off 1o some reptiles during
their molting season.

The drd and 4th layers are alive. The stratum mucesum
is very active growing. Its cell spaces are filled with fluid
end it is a continucns tough spongy layer forming a water
cushion 8l! over the body for the 4th or most important
layer. When one is burned the fluid of this 3rd luyer in-
creazes and a *‘blister’” iz formed.

The 4ih layer iz the germinative constantly growing
part. _

Modifications of the shin.  From carly deyvelopinent the
ectoderm: becomes the brain and spinal cord and from it the
nerves grow out.  Swerd glands regnlate the temperature of
the body. These grow from the surface of the dermis. They
reduee the temperature of the body by taling water from the
hlood stream and pouring it out by evaporation on the skin
sarface.

Since the body is B5% water these glands provide a
prompt and efficient cooling apparatus.  The Aafr is purely
epidermal,  {(See ‘huir’’} Finger and toe nodfs; the epidermis
provides in animals weapons of offense and defense by the
nails and in some speciez Lhroogh the hair, e g. quills of the
porcuping and the horn of the rhinoceros. The nails of
the fingers grow pbout 1/230 inch in 2 duy and the toea 1/8
as faat.

Teath. The epidermis dips into the neose and mouth
and makes the lining from which the teeih grow. The hard
enamel 15 produced by the epidermal covering of haby teeth
kefore they grow through the guins.  Tear glands are formed



from the cpidermis and prevent the drying of the surface of
the eveball.

Mk glands. These are modifieations of the epidermal
skhin glands,  Sebaceous glands secrete a fatty substanee which
oils Irairs and other paris.

Fur.  In the external ear there are modified epidermal
glanils which secrete an oily fluid which becomes ear wax.
Thiz is a proteelion against inzects,  The internal ear i3 part
of the ectoderm and is sensitive to zound, air, water and bone
vibrations.

Nore, n part of the cctederm dips into the nose and be-
coties esgpecially zensitive o smell.

COLOR OF SKIN
{ Ethnelogically) ARERL Y5,

Physiology explains color as a consequence of ellate
and dirt, The pigmwent or coloring matier under the eptdermis
ov rather under the 2nd, or Malpighian «kin, is nol peeulmr
{o the neproil A& aodd other colored ruees, bul iz eonmon
to all human beings,

Lt is simply more abundant in certain peoples and thie
abundance is atteihuted to the stinulating action of solar heal
combined with ruoisture and an exeess of vegetuble [ood
vielding more earbon than ean be assimulated {EFEH#, the
vharacter then being fixed by heredity.  ““The holter the
climate the davker the negro®. 1f yeu follow the Tine of
greatest hieat from Afrien Inte Asia il is in those Lwo regions
that the darkest people arve fouisl.  Exeeptions to this are
due o Joeal cavrsa. An anthor stateg 1hat the rededish fint
of the ' onges of the hint moist White Nile JAHENT Distriet is
due v ferrnginons B nature of the =xil, In Soath Ameriea
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all ghades intermingle. In Australia are yellow brown Malays
B M and sooty black Tasnianians,  Sach deviations from
eolor-law may be stributed to descent {davk people migrat-
ing to cold eclimafes, light to tropieal countries) or to such
varied causes sz dryness, mioisture, food, vegetable peculiarities
of the laud; by all of which the complexion ay be affected
and influence of temperature mitigated FER.

The color of zkin iz not therefore a trustworthy racial
asset, even blackness i9 nob exclusively negroid. MMan is
divided into white, yellow and black races (Furopo-Ameriea,
Asiz, Africa). Interbrecding and the influence of environ-
ment M@ have caused the ceearrence among the three groups
of almost every shade and tint of complexion if®. The zkin
color therefore varies widely in same cthnice groups, and races
of one group resemblein this particular races of another. The
palms and soles of a negro are never black, and in all colored
races ihe back of the body is o shade darker than the front.,

The skin of the colored races is always a lighter tint in
the new-born than in the adolt. The negro baby is light
grey and the dark pigment is absent in negro foetus.  From
the third to eighth day the eolor ehanges to a hue nearly
same as ils parents. It would scemn the blackness is associat-
ed with Lhe general thickening of the skin and i3 an ae-
eomnpaitizeent HIEK of the general organic BBE adaptation
& of the negro to his hot malarial climate.

The effect of sunburn variesin races, It iswith the races
having intermnediate pigmentation such ag the dark Earopean
and yellow races that the effect is most notigeable. With
the former the sun buros thie skin uniformly making them
mulatto tint.  Theeolor o acquired is merely temiporary. It
diminishes in winter and disappears entirely on return fo
cold temperate climate.

With the Asialics the anon cagses different fints.  The
skin of Indo Chinese become dark olive, as also the Malays.
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The Fuegeans and Galilies turn brick color to dull red.  The
Chinese skin turns darker in wiuter and paler in sumner.
Among ecrfain peoples whose skin iz normally black the
parts of the body exposed to light and air are often lighter
than those covered by elothes, 'T'his is the case with the
Fuegeans and Sundwieh Islanders. The fair Enropeans redden
under ihe sun passing from pale red to Dbrick red or to
potehies of deep red.

e e = e e e e,

COMPARATIVE ANATOMY OF THE SKIN.

In the larval stapes of the Ainphioxus cilia #IFE are
present on the surface, and v the superlicial epidermal eells
of some fislies und amphibian KPFREEEF larvac is a striated
luser on the free adge which i looked upon as a relic of
anresiral eilia FE.

(n) Skin glands of the eyclostomata HIHPY {(hags,
lamphrevs and fizshes) are generally uniecllular and secreta
slime ¥ & which protects the suriace of the body; the
amount of slime poured oul by eome cyelostomes EM 3
is enormous.  Mang of these slime cells from their shape are
ealled goblet cells,  Home of the telestean fish have poison
glunds at the bases of their dorsal fine and opereula.

Dipnoi (mud fish) and amphibians multicellular spher-
ical cells appear us involutions B1{x W of the ectoderm.
Somnetimes, as in so-called parotids of toads, thesze forin large
mazses,  Heptdes and bords arve singolarly wanting in skin
glands, though the latter have a large uroprgial gland at the
root of the tuil which seeretes oil to lubricate the feathers; it is
the chiel constituent of the ' "Pope's BEEHEZ A nose'” of
ihe fowl.
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In mammats, except the Cetncea §F8H, the sebaccous and
sadoriferous glands, aa in man, are found. SBome of the
former sometimes attain o large size as in the intvrdigitui
gland of the sheep, Mullor's gland at back pig's knee and the
sborbital gland of ruminants B3 8.

In addition to these, special zeent producing gianda
are often found in different parts, the most remarkable
of which arc scent FHFE glands beneath the tail of the
skunk JLHE; while in mole monotremes FLRLPYEA there is
a special poison gland in the legp which is connected with a
spur in the foot.

Pigment cells are present both in dermis and epidermis
of fishes and amphibianz, and the pignient may be either
intercellular or extraceilular. In many eases it i3 under the
control of the nervous syatem so that forme like the flat fish
and common frog ¥E can adupt their coloration to that of
their backgroond. In animals perimancntly excluded from
the light pigment i3 absent.

In reptiles moveable pigment cells are ofton found, as in
the chameleon MFAE: BEF while in birds the pigment i
sametimes of great brilliuney in the necks and wattles £%.

In mamtnla oy in man the pigmient iz confined to the
eells of the stratum mueosum layer of the epidermis.

Seddes,  In the elasmebranch fishes scales are fovnd
composed of ennmel PR superticially and of dentine and
bone decply.  They are developed from the epiderinia and
dermis and in alutost every way resenible the tecth of these
animals which are only moditieations of them. 'The bony
basal part of ench scale is plate-like, hene-placeid.

In the ganoid fishes, e.g. zturgeon, much larger placques
calledd ganoid seales forim a complele armature.

In the teleostean fishes the scales overlap like tiles and
are ¢ither cyeloid, having o smooth border, or ctenoid in
which free posterior border is serraled $RHIE. Existing
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atupbilians are wsnally remarkable for alisenee of any skin
arvour 28 B though in fossil #2765 forins stegreepholia it is
very complere. The replilian class have epidermal scale.  In
the nphidia they ave easd off perindically i one mass oz soales
clongh BESR, while in Chelonia they Form fortoise £ shell.
Bony ctructures developed In the dertiris raay undeslic the
epidermal thickening (horny ), and are very strongly developed
in dorsal and ventral zhields of the ehelonin and plastran
which seeondarily fuse with the true endoskeleion.  The
armadillo 3 1= the only mammal which has a trae bony
vioslielaton.

Feathers are highly modifed seales. - The embryonic or
down feathors are «himple and consist of a brush of hair-like
barls springing froan a basal guilt or ealamuz. From the
whole lenpth of cach barb o sorles of sinaller harbales eoimes
ofi Tilir Lranches of a shrob, The adult or eontour feathers
are formned at botrom of the swoe follicles wlhiich lodge the
down feathiers and by thelr growth push then o, The
Larhs and barbules graw enormously mud in the tail feathers
are conneeted Ly minnle hinoks, henes have o mwore cesistant
Lesture than i1l feathers of 1the baek mnd breast.

The birds moult JRE is cotmaralle 1o the eaxting off
Lo seaies in repliles,

Llatrs are only foid it the mannmalinn elasz and are
divided inte long tuetile bristles B E oc vibrissae, and smaller
lirirs wlsich proteet the body warnth,  In some animals the
hair of (he body is composed of long stiff haie which are
probably specialined for proteetive purposes, and short soft
Linivs For warndh.  Theze long hadvs may be greadly enlarged
and havdenmd as in the porenpine S, hodgehog 39, spiny
monze, aned anteater (eehidunl,

Horns: 1, Antlers #3482, hollow horns, 2, hairy
horns {rinuceeros) FES Awleors are wrowths of teue bone
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and except for very vascular covering of skin (velvot) are not
exaskeletal stroctures.  They grow with rapidity and in the
deer family are renewed each year. Asscon ns their growth
18 finished the skin covering dricsa up and strips off. The
emell horns of gireffes EEE& are also bony structures but
permanent.,

The hollow horng of vuminanta {bouidiae) are eases of
hardened epidermis which fit over a bony core and are
permanent. Found in both sexes.  In the prongbuek {on-
tilocapa) the hollow horns are shed,

Hairy horns of rhinaceros are a mass of hairs eemented
together by cells.  The hairs grow from derinal papillae hut
differ from true hairs in not being sank into hair fallieles.

Claws and Hoofs JAEE are modification of nails spread in
case of hoofs over the whole digit.  Nails appear emibryonieal-
I¥ at the very tip of the digit and in this position It remains
in many amphibians PEREE, e.z. piant salamander K,
while in hoofed animals it develops both ventrally and dorsally,
I the Felidae the claws arve retractile but the real movenient
pecurs belweenrr the middle and terminal phalonges of Lhe
digits.

Sptera are distinet from nails and elaws.  In birds are
haruy epidermal sheaths covering bony outgrowihs of the
radial side of the earpus B, metacarpus 3, or metatarsus
B,  The spur-winged goose has s enrpal spur. In screa-
mers (palamedea & Chauna) the spur or spurs are nuetacarpal
while in many gallinaceous EREAY birds (commen fowls and
phensants) metatarsal spurvs are found,  In the manmals the
mole B monatrennes {eehidun & orntthorhgnehus) have
spurs attached to an extra (? sesamoid) FF bone in hind
leg perfovated for poison gland duet.

Beuks. Bome fishes (mormyridae) have fleshy prolonga-
tion of lower lip and are called beaked fish. In amphibia
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Siren and the tadpoles #8884 of moost Anura {frogs & loads)
have small horny beaks.  In the reptilia horiy beaks ave
found in shelovia, while in birds beaks replace the tecth in
madern speeics. Tnomammals a horny beak B is found in
ornithorbynchus 83 5§ Tk coexists with the true teeth and
horny pads in adults. All these beaks from eornified epider.
Lol weales.

Baleen {whalehone) £ 4 4 flatlencd trisngular horny
pltates on cither side of palate.  There mar be hundreds of
them and 10 feet long., Tt consists of epidermal hair-like
fibres ceanented together and growing from dermal papitlae,
not true hair follicles,

HAIR

The hairy coats of maminals, like the feathers of hinds,
wore begot not as orngments nor as eoverers of shame., It
matiers not what secondary wse wmay afterwards be macde for
hairs and feathors; their peimitive funclion i to conserve the bod iy
heat produced by activities of the expiratory and eirewlatory
syztena.

The following ecxplanation, briefly given, is appended—
The early Jurassie precursors of mammals were generalized
reptiles —with a siuggish hfe—whose limbs were not fully
perfected Lo suppert their body weight; they did not constantiy
earry their bodies clear of the grownd. In general, their
progress was made by dropping the greater part of the body
lengih along the ground. 11 was only when the animal stood
always clear of the ground and heeame move activated that a
more rapil metabolism was developed.

It was s activity, due to develapenient. thal begot the
real presont day mamial. The internal nctabolic change
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hitherlo naked or sealed skin of (he premammal permitted
foo great a Joes of heat.  The cepidermig reactd and an
epidermie outgrowth of hairs was prodoeed, probably a deriva-
tive of the seales. A bairy covering ihus Leeame distinetive
of armall and active noiuals from which the wmammals were
derived. Becondary uses are made of hair, bat it has never been
hartered away from the ariginal profective role of conservation
-of heat unless other means adopted to fulfil that fuonction,
When bair upon the surfsec of the body breomes undesirable,
then Inss of heat may be prevented by the developomoent of
a predeetive layer beneath the skin instead of on its surfaer,
for example, blubber in whales and other aguatic animals.
Iid man lose his hair because he fook to protecting himself
by artificial eovering? A large ascefion of mankind who go
without clothes have no compensatory developemient of hody
hatr.  Indeed in the negro roces the opposite 18 the esse, for
i these unelothed groups there 1z less hair Lthan an average
white muan. It would geom that wan has devetoped a heat
retention system rt?mhrﬁng hairy or even other covering (az
clothing) unnecessary at least in part and uncder certain eli-
matic eonditions,

The dissector will goickly realize this condition-—in his
first altempts to ‘skin'! bis subjeet—very few animals are as
difficult to skin as is man—owing to the superfcial fasein
which is the aobeutaneous bareier against heat loss devol-
oped in man.  Eyen in moenkeys if 15 cagy to remose the skin
—by inclsing and pulling it off and turning skin inside out
ar one docs a rabbit.  In man skinning is alaborious process,
for there is an intervening pod of Abrous tisswe and fat be-
tweon the zkin and musele rendering the skinning process
difiienlt,  Some other animals which have naked skins
present the same diffienlty.  The layer under dizenssion, for
examiple, the blubber in whates, is well developed.  Man thus
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Lias hiz own anatommical comipensation for his loss of Liair.
His elothes reay be more or less simply an aesthetig loxury.

Thiz suhentancous fub layer gives man rounded contout
which we thirk beaulitnl.  The seed and skiney look of mon-
keys is nearly matelwd in the human foetus before the fat
layer ig developed; the Gth month foetns hag an “old wman®?
or even monkey aspoct which is lost as the subeutaneous layer
¢ developed in the laier months of foetal life.

Man is specifically o relatively hairless animnal and his
bixly bair bas not necossarvilly disappeared as a consequencs
of wearing ciothing.  The hairy cont is disposed over the
body of man in an orderly [nshion by being arranged in de-
Onite tracty Iin o definite direction and are separated from
neighbouring traets by partings, whoerls or vortiees.  The hair
tracts of the hand are herewith only considersd.  As an
animal moves forward one border of the limb will be in advanes
of thie albier; there 15 & front and baek cdge Lo each limb and
hand and foot.  In other words, each limb has a pre-axial and
a post-axial border. .

The pre-axial border is the advancing border and any
other arrmgement would fead to the hair being rubbed the
wrong way sz the anboal progressed.  In ters of hunan
anotomy, ote would expeet that the hair on the fingers and
hand would be directed from the thumb {preaxial digit)
towards the litile finger (postaxinl digit).  Thissimple siate of
affuirs is connuonly not appreciated—Iirom it one ean deter-
mine fromn which side o finger has been amputated.  Haic is
not uniforndy distributed over the dorsal surface of the hands
ard digits; it is absent, as a rule, over the actual knuekles
and grows maore freely as tufts upon the dorsum of the phal-
angez,  Upon the radial border of the hand the hair is more
searee than upon the ulnar side and the thumb is very often
practically devotd of hair. The taft on the basal phalanx is
wsaally well inarked and it will be readily scen that the tipz
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of the hairs composing lhese tuftd point fo the postaxial
inargin, i.e. towards ihe little linger or towards the alde to
which the finger belonges. The tulits on the medial phalanx
are neually less developed and the terminal phalanx is abways
totally devold of hair. Upon the toes the growth of hair is
generally more developed than it i3 upon the Gngers, and its
dizposition 1s in all respects similar to that deseribed on a
typical hand.

As with body hair in general, the hair upotr the hands
and feet of women is less well developed than it 1a in men.
A man practically always has hair upon the hagal phalanx of
the big toe, while this tuft is commonly abwent or but little
developed in a woman.

—_—————— e

FACTS ABOUT HUMAN HAIR

Barely a ceniury ago, saya Dr. Arthur Selwyn Brown,
writing in Popular Mechanies (Chicago), Iiuman hair, on ac-
eount of its physical qualities, was largely used for scivniilic
and artistic purpeoses.  Makers of seienlifie nstruments en-
ployed hair for the angle miarkers in telescopea, surveyors
levels, clinomelers and other epparatus.  Ita strength per-
mitted them to use it for suspending fine pendulatns and
glimilar moving parta.  Its property ol abzorbing moisture
made it valuable for Livgrometers. Aboul fifty years ago
numerons zlecls allovs ware dizcovered that may be used for
drawing into very Rne wires, and these convenient allays Ted
instrument makers to select them in place of hair.  He goes

_on: Hair jg distributed ail over the human body, except
the palins of the hands, the soles of the feet, the lips and the
evelids,  Its thickness varies in aceordanee with the part of
the body it is growing on.  The head, fuee and chest have



215 -

the thickest and tongest growth.,  There are about 1,200 hairs
per #guare ineh on the lop of the head of a middle-aged man,
and 160 per gquare inch on the face.  There iz leas than half
thisquantity on the chest. Raee, sox, age, condition of health,
habits and clirmatic e¢hianges all influenee the thickness and
erowth of the hair. A wowan with blaek bair Las about
600 hairs per square ineh on the top of the head, while a
bloude huas 760 per square ineh, and a brown-haived person
has abont Ga0 hadrs per square ineh. A black-haired porson
vanally has the thickest hair and a blonde the finest.  The
totel number of hairs on the head of any ordinary black-
baired woman is about 110,000, while 1 blonde has 150,000,
and o redbaired wonnan only 50,000, A woman®s hair i3
coarser and heavice thap a wan’s, and it grosws longer.  The
average length of hair of women of the Anglo-Saxon ruee iy
from eightern to thirty inches, and that of men between six
and fen inchies. Men’s hair will seldom grow as long as
wamen'=""  The average specd of hair growth 13 two inches
per wonth, Dr. Brown tells us. The period of growth of the
hair on ihe head iz about #ix years, and the eyelazhes havea
life of about 130 days=,  After these periads, the hairs will miml
Fall sut.  [latres grow just az vew eells replace (he dried cells
of the skin that wither and fall oftf like zeales.  To guate
further: ““Fhe hair {s a very aente sensory organ and assists
the brain and other organs to dizcharge their surplus energics.
In animuals, eertain hairs are developed into execedingly
alert and sensitive sense organs. It is a peeuliar growth of
the epidernis or skin,  In this respeet it resemihles e nails,
the linrng of eattls, the feathors of birds, the gnills of the
poreupine, the seales of butterflies, woths and fish and the
shell of the tovteise,  “'IIair ix casily eolored and, in nature,
the pigmients it containg are pecnliar to the specics. The
duration of itz pigrientation in life = lhnited. Tn man, we
may, ina hrie! period, witness a chik) having a beight golden
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hair, which soon changes to a dark or black and then to a
gray or silver-white and dies at maturity and falls out, leav-
ing baldness, In the animal kingdom, we may notice similar
changea in the pigmentation and also many abnormalitics in
it life, partieularly in those animals which periodically moit
and shed their hair. “‘Scientists believe that hair has a high
value as a racial charvacteristie, The miiernacope discovers
that the structure of hair has multiform variations and these
may be clearly defined and utilized for personad and raelal
determinanta, like finger and other skin printz.  Comunon
observation shows that the texture and formn of the hair of o
Negro, Chinese, American Indian and a Caucasian differ in
guanlity, eolor, structure and growing habits.  All through
the anima! kingdom we may find similar differences in all
the mpecies. A inan’s race, nalionalily, character and the
gondition of his health may be shown by s mieroseopic inves-
tigation of one individual hair.”’
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